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GUTHEGA DAM, SNOWY MOUNTAINS, AUSTRALIA 















358 EXCAVATORS 
built for the toughest digging 





with Magnetorque Electric Swing! 


For the most punishing power shovel work — digging and loading 
rock —the P & H Model 955-A sets new records for speed and stamina, 
An outstanding example of advanced engineering, this excavator is 
equipped with the Magnetorque swing, which eliminates troublesome 
friction clutches —produces 20% faster —lasts the life of the 
machine. The P&H Model 955-A is a sound investment for big 
construction jobs, open pit mining and quarrying. 


Manufactured by HARNISCHFEGER CORPORATION U.S.A. 


Sole Distributors : 


‘VOLTAS } 


VOLTAS LIMITED 





Bombay - Calcutta - Madras - New Delhi - Cochin - Bangalore — Lucknow - Ahmedabad —- Secunderabad 
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of electrical eng 


SIEMENS&HALSKE AG - SIEMENS-SCHUCKERTWERKE AG 
BERLIN» MUNCHEN - ERLANGEN 


SOLE REPRESENTATIVES: 
SIEMENS 
ENGINEERING & MANUFACTURING CO. 
OF INDIA 
PRIVATE : LTD. 
STADIUM HOUSE, 81/85, VEER NARIMAN ROAD, BOMBAY 
BRANCHES; CALCUTTA AND DELHI 
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BELTING 
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No matter what your belting needs, there's 
a Goodyear bel that will do the job better 





BETTER BELTS at meee — Goodyear’s ~s of belts is 
complete covers eve euse. Let 
FOR EVERY DRIVE BY us check your ineestionionen we'll recommend 
the right Goodyear belt for your job. 





" PSIPE 


GOODSYEAR 


menusTeus PRODUCTS corAanenT '* THE GREATEST NAME IN RUBBER 
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A Case of 
Selling 
Power 





In harnessing a rich endowment 
of swiftly-flowing streams, Japan’s 
electrical engineers have had 
every opportunity to perfect their 
techniques in the manufacture of 
hydro-electric generators. This 
has been recognized by Mexico 
in placing an order for two 
22,000 kVA Francis Turbine Gen- 
erators with TOSHIBA—Japan’s 
oldest and most reliable electrical 
manufacturer. TOSHIBA‘s Four- 
Point Sales Program offers (1) 
Dependable Quality; (2) High 
Efficiency; (3) Early Delivery; (4) 


TOSHIBA, 45,000kVA Francis Turbine Generators similar 
in design to those for Mexico’s El Fuerte Power Station. Low Cost. 


The Leading Manufacturer of Everything Electrical — 
from little lamps to gigantic generators 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


2, Ginza Nishi 5-chome, Chuo-ku, Tokyo, Japan Cable: TOSHIBA TOKYO. 
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Now...the 
comes with a choice of 3 mountings 


Only BANTAM in its popular sizes and capacities offers you a 
choice of truck, crawler or self-propelled mountings. 

@ Each is built by Schield Bantam strictly for the BANTAM— 
assuring matched performance, greater work ability. 

@ BANTAMS do hundreds of jobs more profitably, working with 
nine easy-change attachments—a// built by Schield Bantam for 
balanced operation. 

® BANTAM is the world’s largest producer of crane-excavators. 
You save on initial cost because of mass production economies 
... you save over longer years of service through lower operating 
and maintenance costs. 

@ BANTAM Cranes are built in 6- and 7-ton capacities; BANTAM 
Excavators in % cubic yards. 


For complete information, see your BANTAM distributor. 


\O) Bantam Ce. 


Waverly, lowa, U.S.A. 


World's Largest Producer 
of Truck Cranes and Excavators . 
NF-4 





Sole Distributors in India 


SOORAJMULL NAGARMULL 


Import Department 
8, Dalhousie Square (East) Calcutta-! , 
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When the call is for 
SWITCHGEAR— 
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When the dam is built and the major constructional work 





completed the task of installing the electrical plant and the 


. 


equipment must be undertaken. 


Ferguson Pailin have supplied switchgear for indeor and 
outdoor stations, including major hydro-electric schemes the 
world over. ‘F. P.’ is spsipaymons with hinb-cleal design, 
manufacture and performance of this essential equipment, 
ranging from extra high voltage switchgear for main grid 
supply systems down to low voltage switchgear for indus- 


trial purposes. 





Type ROP 32 
Oil Circuit Breaker 


Two examples of ‘ Ferguson. Pailin’ switchgear, for varying 
duties, are illustrated here.’ They are :— 


ROP 32 OIL CIRCUIT-BREAKER ; Bart 

Wherever 22 kV or 33 kV outdoor oil circuit-breakers for 
breaking capacities up to 750 MVA are required the merits of 
the ‘ ROP 32’ breaker should be considered. ; i 

The design of this breaker provides for the optimum protection 
against adverse working conditions peculiar to countries in various 
parts of the world as well as maximum resistance to the effects 
of fluctuating temperatures and humidity. | 

The versatility of the ‘ROP 32’ makes it remarkably adaptable 
to local requirements. Complete dependability and reliability 
make it a natural choice for incorporation into any scheme 
involving the transmission of power at 22 kV or 33 kV. 

The circuit-breaker tank is of cylindrical shape and all three 
phases are brought into one tank, permitting the use of smaller 
framework thereby achieving compactness. é 


‘BV’ SWITCHGEAR 





‘Ferguson Pailin’ Type BV switchgear is of the completely ‘ sys eC 
enclosed metalclad type. It is constructed on the unit principle A _ ee ws 3 a (BY) 
and can readily be extended by units of similar rating, or by switchboard insta ation at the South 
metaiciod oll switches. puye ore > Fremantle Power Station of the State 
ertical isolation of the breaker ensures minimum spac aie ae , 
requirements of the unit, whilst adequate interlocks safeguard Electricity Commission of Western 
against mal-operation. Australia. 


Ferguson Pailin cuimiteo for Switchgear 


of the A.6.1. Group of Componres 
Head Office & Works: HR. OPENSHAW MANCHESTER 11, ENGLAND 

Represented in India and Pakistan by 

A. E. |. (India) Private Ltd., Head Office : Crown House, 6, Mission Row, Calcutta, P. O. Box 271 

A. E. |. (Pakistan) Ltd., Head Office : Bombay Company Building, Wallace Road, Karachi, P. O. Box 
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That was how it was done 
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Pressure pipes for water supply (mains and distribution); sewer pipes; irrigation pipes; low 
pressure pipes for drainage and rainwater waste, gas and oil pipes; cable ducts for telegraph, 
telephone and electric cables. About 80 miles of Italit pipes have been ordered and are 
being supplied to various State Governments in India. 


Manufacturers: 
Messrs, ETERNIT, S&S. P. A. ; 


GENOA. ITALY. | 








Box No. |2 ‘Madras-! 

Box No. 506 Bombay-! 

Box No. 208 Calcutta-| 

Box No. 172 New Delhi 

















Sole Agents in India 
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‘Makes » Cuts eet 


Wha 


You make “big cuts” two ways when a MARION 111-M 
Shovel moves in on the job, 
Big yardage jobs move quickly with the 111-M. Its diesel 
power is balanced with extra heavy design and construction. 
Gentle air controls put this big machine into action 
with finger-tip control. 
Theres a big cut, too, in excavation costs for many reasons, 
One is the electric swing that results in faster cycle time and 
accurate spotting of the load without worry about over- 
heated swing clutches. 
Ward-Leonard electric swing and Marion air control give 
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SMOOTHNESS, SPEED & DEPENDABILITY. 





BI \ ME 
wwe] BLACKWOOD HODGE 


MARION 
HODGE SS, 
BLACKWOOD HODGE~(INDIA) PRIVATE LTD. 


CALCUTTA e MADRAS e DELHI « BOMBAY 
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ASSOCIATED COMPANIES BRANCHES WORKS AND AGENCIES THROUGHOUT THE WORLD 
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NEWS 
FOR 

CONVEYOR 

BELT 


USERS 





Members of a Dunlop Mobile Splicing 
team splicing a conveyor belt on site. 


Breakdowns, idle man hours and loss of 
production—often caused by fastener 
trouble on conveyor belts—can be elimi- 
nated by a vulcanised splice to make 
endless belts. A splice develops nearly 
the full strength of the belt, metal 
fasteners only 50%. It cannot, like 
metal - fasteners, give way without 
warning Splicing reduces noise and 
friction, increases transverse flexibility 
at the joint which ensures uniform 
troughing throughout the belt, and 
minimises loss of strength at the joint 
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which may permit a thinner and less 
costly belt to be used. 

The Dunlop Mobile Belt Splicing team 
splices belts endless on site and its 
services are available to conveyor opera- 
tors throughout the country. This is a 
service backed by the technical resources 
and experience of Dunlop laboratories 
throughout the world. 

Dunlop engineers are available for 
consultation and advice—with no 
obligation—on the type of belt most 
suitable for particular service conditions. 


THE DUNLOP RUBBER CO. (INDIA) LTD. 
Industrial Rubber Products Division 
Calcutta Bombay 


Delhi Madras Lucknow 
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Four million yards of rock and earth 


SPEEDI NG | moved in less than ten thousand 


hours. This is the proud contribution 


TO WAR D S$ of 70 LeTourneau-Westinghouse 


mechanical earth-moving machines 
to the construction of five irrigation 
PROSPERITY dams and many other reservoir 


and flood control projects 





° . ‘recently undertaken by the Uttar 
| with LeTOURNEAU- Pradesh Government. With similar 


WESTINGHOUSE nation-wide efforts to modernize 


her irrigation methods and increase 


earth-moving her food production, India today 
is speeding towards prosperity. 
equipment Travelling from project to project 


under their own power, rubber- 
tyred LeTourneau-Westinghouse 
machines are today bringing 
speed and efficiency to this mighty 
work of national reconstruction, 


) Ask Jacks aboul- tt 
William Jacks & Co.Ltd. 


(Incorporated in England. Liability of Members Limited.) 





WIC-264A 








Calcutta Bombay Madras 
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MOTOR GRADERS 

All over India on the big construction projects 
with municipalities ; state farms ; and with 

the leading contractors, you can see Caterpillar 
Motor Graders hard at work.. 

Building or maintaining existing roads, ditches, 
shaping banks, there is no tool like the profit 
making Caterpillar Motor Grader. ' 


All over India, and throughout the world 
successful contractors and project engineers 
give Caterpillar their first choice. The main 
reasons for this preference are. the proved 
low cost, high production and long-lived 
performance of these famous machines. 





Ensure the job gets done to time by using a 
Caterpillar Motor Grader. There are three : 
models the No. 12, 112 and 212. One of 

these, or more, is the answer to your problem. 


CATERPILLAR’ 


‘*Camerpitias ond Cot ore Regintered Irade-nerhs of Caterpillar Irerter Co. USA 


CAT MOTOR GRADER SPECIFICATIONS 








No. 12 No. 112 No. 212. 




















Engine Diesel, four-stroke cycle 
Blade range : 
Lift above ground 16” 154” 144” 
Side shift (right or 

left) aie 40" 36” 333” 
Maximum bank 
Pa —_ - _ a 90° 

No. 212—50 HP ‘aximum shou 
sania reach (measured 
outside rear 
wheels) ee 4" or: 





“Time proved features—Balance of power, weight and 
speed! Long-live Caterpillar Diesel Engine! Mecha- 
nical controls with built-in Long Life! Structurally 
strong Main Frame !” 


FOR GREATER PRODUCTION, LOWER OPERATING COSTS 


@ New, Exclusive Cat Oil Clutch @ New Hydraulic Moldboard 
@ Petrol or Direct Electric Starting @ New Tubeless Tyres 


WILLCOX (BUCKWELL- TRACTOR & EQUIPMENT 
TRACTORS (INDIA) LTD. LARSEN & TOUBRO LTD. INDIA) PRIVATE LIMITED CORPORATION _ 


Post Box 323, Calcutta Post Box 278, Bombay Post Box 289, New Delhi LIMITE j 
Post Box 66, Lucknow Post Box 5247, Madras New Colony, Jaipur P O. Box 279, New Delhi 
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TUBULAR STEEL 


POLES 
CAN TAKE THE STRAIN 


Our tubular steel poles are specially 


designed for carrying power 
transmission cables. They are available 


in many types and sizes, so that it is 

easy to find poles for any job. They are 
stronger and lighter than their substitutes 
and are able to withstand 

very wide temperature variations. 


Indi an Tube 


The Gurvtarn Ai Company (1953) Limrive 
A Lata- Drwarte” & Lleyn Sosterprise 
41, Chomring hee Roar, Calcntencté 


_ S| 
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‘Fabrication 
and Erection of complete 





installations 


for Steam, Gas, Compressed 
i Air, Fuel Oil etc. 





General view of pipework outside the turbine seem at Trombey Thermo! Power station 
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(Sal) 
STEWARTS AND LLOYDS 
OF INDIA PRIVATE LTD. 


HEAD OFFICE: 41, Chowringhee Road, P.O. Box 270. Caicutts 
Telephone: 44-5224 (5 lines) 
WORKS: 39, Hide Road, Kidderpore, Calcutta 
Telephone: 45-3515-16 
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2 ‘ ‘es oe a got: 
Mack's are handling the heavy 


loads on India’s Projects 


For maintaining uninterrup- 
ted schedules, for reducing 
operating and maintenance 
costs... construction engi- 
neers know there are no 
equals to Mack Rear End 
Dumpers. The qualities that 
have made Mack the acknow- 
ledged leader in heavy-duty 
dumpers are top performa- 
nce... outstanding economy... 
maximum depen lity.. 
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Here are some of the projects 
to which Mack equipment has 
been supplied: 


* Damodar Valley Project 
* Hirakud Project * Rihand 
Dam (20 Mack cement carriers 
supplied to the Hindusthan 
Construction Company) * Tata 
Iron & Steel Co’s expansion 

roject * Nagarjunasagar 
Project . 


Remember, Macks in India are backed by Voltas’ unrivalled service 


_@nd spare parts organisation. 


VOLTAS LIMITED 
Vv oO LTA s Construction Equipment Dept., 
Bombay * Calcutta » Madras * New Delhi + Bangalore 
Cochin * Lucknow * Ahmedabad * Secunderabad. 
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More power to the pound! 
with a 


Wolf DRILL 
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Pas 5 | core 
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SS 

Reduce your overheads! Increase efficiency ! 
Step-up production with WOLF’s matchless 
General Duty Electric Drill (Type SD4c). 
This performance-packed, high speed portable 
machine offers industry more power-to-weight 
ratio than any other drill of its kind. The 
revolutionary design adds manual force to 
powered penetration—the removable side 








To industry and the individual, 
WOLF’s offer a wide range of 


low priced powered tools. handle facilitates awkward drilling jobs with 
Write today for full details maximum accuracy and minimum effort. 
of any of the range of 


This is the ideal drill for maintenance work 
and light constructional engineering, including 
the general purpose needs of builders, plum- 
bers, garage service stations, etc. 


WOLF Portable Electrical Tools. 


PSRI-4A 








RALLIS INDIA LIMITED, 


16, Hare Street, Calcutta. somBAY e DELHI e MADRAS 
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The Ferranti High Voltage Oil Testing Equipment has 
been designed for testing oil in accordance with the 
requirements of the latest B.S. Specification No. 148— 
1951. The Transformer output voltage is 50 kV The 
control unit incorporates a Ferranti Moving Oil Voltage 
Regulator which provides infinitely 
smooth variation from Zero to Maxi- 
mum. Catalogue available on request. 








FERRANTI LTD. 


HOLLINWOOD - LANCASHIRE - ENGLAND 


Sole Agents in India: 
BRITISH INSULATED CALLENDER’S CABLES tIMITED 
Esplanade House, Waudby Road, Fort, Bombay 1. Post Box III 


Bronches at: Ahmedabad - Ambala - Bangalore - Calcutta - Coimbatore 
Kanpur - Madras - Nagpur - New Delhi - Secunderabad (Deccan) - 
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THE SECOND FIVE YEAR PLAN ensures continuance of the pace, set 
by the First Plan, for developing the tremendous hydro-eletric power 
potential in the country. 


As representatives of leading French manu- 
facturers, we have already been privileged to 
supply various mechanical and electrical 
machinery of power stations for varios 
Projects. 

The latest orders were received from:- 
THE KOYNA HYDRO ELECTRIC 
PROJECT TO SUPPLY 4 PELTON 
TYPE NEYRPIC TURBINES, 
eath rated at 87,000 BHP at 300 
RpM under an effective head of 
1560. feet, one house turbine of 
2,250. BHP, high pressure spherical 
valves and other accessories. 

The Andhra Valley Power 
Supply Co. Ltd., Bombay, for 
cemodelling of 6 Pelton turbines, 
each of 17,500 BHP, for their 
Bhivpuri Power Station. 


























Neyrpic Pelton Turbine runner 
105,000 BHP at 428 RpM 
under a net head of 2428 feet. 


RITA'S BOA 
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Timken-bearing-equipped concrete mixers 
—such as the portable Jaegar Speedline 
Mixer — are a timesaver in construction 
work. Maximum dependability in perform- 
ance_is assured, because Timken tapered 
roller bearings take both radial and thrust 
loads with ease. The mixers run smoother, 
avoid work delays caused by time out for 
costly repairs and excessive maintenance. 


Timken bearings, by holding shafts and 
housings concentric, make closures more 


IN) |) eco time on the job 


TIMKEN“US.A. 


TRADE-MARK OWNED AND REGISTERED SY 
THE TIMKEN ROLLER BEARING COMPANY 


TAPERED ROLLER BEARINGS 
Wii TL \\ —$=<+ poole aban es 
ti || PULLLLLLLL help contractors save 


effective. Lubricant stays in. Cement dust, 
sand and water stay out. Bearing rollers and 
races are case-carburized to give them a 
tough, shock-resistant core under a hard, 
wear-resistant surface. Bearings and equip- 
ment last longer. Users are assured of keep- 
ing the machine on the job and operating. 


For top performance of the construction 
machinery or equipment you build or buy 
— specify Timken (Made in USA) tapered 
roller bearings. 


World-Wide Availability 


TIMKEN“US.A. 


TRADEMARK QWNEO AND REGISTERED & 
THE TIMKEN ROLLER SEARING C 





INDUSTRIAL and RAILWAY BEARINGS 
DISTRIBUTED IN INDIA by 


VOLTAS LIMITED 





TAPERED ROLLER BEARINGS 


THE TIMKEN ROLLER BEARING COMPANY, 
Canton 6, Ohio, U.S.A. Cable Address : “TIMROSCO.” 
Also makers of fine alloy steel, removable rock bits 


Chinchpokli Road, BOMBAY 12, INDIA 


Branches in all Principat Cities 




















INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT 


That leisurely bath... 


... May have started Archimedes thinking—but it took 
years of expert, scientific investigation to establish 

The Law of Specific Gravity. So too, MOBIL products 
started in a small way—but have grown to leadership 
through 91 years of research and experience in the 
field of industrial lubrication. 


Our experience and advice are available to you— FREE. 
Why not call us? 





STANVAC — the name that stands for progress 


STANDARD-VACUUM Olt COMPANY [incorporated in the U.S.A. with Limited Liobility) 


Bombay - Ahmedabad - New Delhi - Lucknow - Jaipur 
Chandigarh - Calcutta - Madras - Bangalore - Secunderabad - Madurai 
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Pt 
ATER POWER PLANTS 


@ for various heads and outputs ; 
witch gears, controlrooms, etc. 


arks guarantee the first class 
pplied by us. 


We give integral guarantees fo et deliveries. 


COMPLETE EQUIPMENT FOR | 


Turbines of the Francis, Kaplan ang 
transformers, generators, outdoo 


The world known SKODA and 
technical design and quality of eq 


We shall be pleased to advise y four problems connected with the 
projection of water power plants. ; 


TECH (PORT 


FOREIGN TRADE CORPORATION FOR EXPORT OF COMPLETE INDUSTRIAL PLANTS 
56 Vaclavske namesti, Praha I1, Czechoslovakia 


Sole Representative : 


SKODA (INDIA) PRIVATE LTD. 


Head Office: 
Vulcan Insurance Building, Vir Nariman Road, Bombay-! 


Branches : 
Delhi Stock Exchange Bidg.. Asaf Ali Road, 


P 38, Mission Row Extension, 
D.A.G. Extension, New Delhi Calcutta-13 
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WIRE LINE 
CORE BARREL 


This tool is the result of years of research and 
field testing. With the Longyear Wire Line 
Core Barrel, drilling can proceed without 
withdrawing the string of drill rods from the 
drill hole until it is required to replace 
the diamond core bit. 


Many of the advantages of the 
Wire Line Core Barrel, proven 
in India and throughout the 
world including 
@ Higher core recovery. 
@ Less danger of hole caving. 
@ Saving of time in hoisting 
and lowering. 
@ Lower over-all costs. 
justify consideration of this new drilling 
tool for your exploration programme. 


WRITE FOR LARSEN & TOUBRO LIMITED 
COMPLETE ‘ 
INFORMATION TO 





tc/e 
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Choose your 
Construction Machinery 
fitted with 





DIESEL ENGINES 


Kirrosxar diesel engines 
are used for all industrial and 





engineering purposes. Outstanding 
reliability, rigid construction and 
efficient performance—the outcome 
of years of experience in sound 
design and workmanship—make 
Kirloskar diesel engines popular in 
the field of constructive engineering. 
These engines are designed 

in such away that they can be 
handled easily even by 


unskilled labour, 








KIRLOSKAR OIL ENGINES LTD., KIRKEE, POONA 3 


KOEL €-1 SO : TOM & BAY LTD. 
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P. F. FIRING 
(DRY ASH) 


P. F. FIRING 
(SLAG-TAP) 












FLY-ASH 
1N GAS 
LEAVING 
BOILER 


CYCLONE 


REVOLUTIONARY 


SOLUTION 


TO THE FLY-ASH 


PROBLEM 


ASH 
OR SLAG 
Z COLLECTED 


IN FURNACE 





BABCOCK <7¢CiOwWwe FIRING 


OUTSTANDING advantage of the Cyclone furnace is the 

enormous reduction in quantity of fly-ash passing 
through the boiler. The major problems of ash collection 
and disposal and of stack emission are greatly simplified; 
while boiler efficiency and availability are increased by the 
reduction of slagging and deposits on the boiler surfaces. 
The Cyclone converts the ash to molten slag, which is 
quenched and easily disposed of. 


A Babcock development, the Cyclone furnace, after many 
years of research and full-scale service, is now established 
as one of the most effective methods of coal-firing power 
station and large industrial boilers, with these further 


important advantages :— 


The coal is borne into the 
water-cooled refractory- 
lined furnace by a stream 
of high-velocity primary 
air and meets a tangential 
stream of high-velocity 
secondary air, forming a 
vortex of flame in which 
the fuel is completely 
burned, the hot gases 
passing into the boiler. 
The temperature in the 
Cyclone is high enough to 
liquefy the ash which 
clings to the walls form- 
ing a continuous coating 
of molten slag, which flows 
out of the furnace and is 
tapped into a water-filled 
tank. 





Highest boiler efficiency due to effici- 
ent combustion, cleaner boiler surfaces, 
and lower power consumption for coal 
preparation—-since the coal need only 
be crushed or coarsely pulverized. 


Burns even poor grade, high-ash coals, 
at high combustion rates. 


Due to high ash recovery and simpler 
ash disposal and coal preparation, 
removes various causes of heavy main- 
tenance and shut-down ; so further 
improving boiler availability. 


Enables greater evaporative capacity 
to be obtained in less total space. 
Smaller boilers, with less ash and 
dust-collecting plant and other auxili- 
aries, can be housed in less costly 
buildings. 


Ideally suited to simple, automatic 
combustion control. Safe in operation. 
Easily started up. Ignition stable 
under all load conditions. 


Flexible operation to meet wide load 
variations. Can be arranged for alter- 
native firing with oil or gas. 


Babcock & Wilcox Ltd. in the U.K. 
have under construction and on 
order, a number of Cyclone-fired 
boilers for both power station and 
large industrial installations. 


BABCOCK & WILCOX OF INDIA (PRIVATE) LIMITED 


4, BANKSHALL STREET, CALCUTTA. 


16, QUEEN’S ROAD ESTATE, BOMBAY. 
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Kangsabati Project, West Bengal 





By R. B. CHAKRAVARTY, M.I.E, M.Am.S.C.E. 


Project and Superintending Engineer (Ex-Officio), Kangsabati Circle 


Until there is any indication of a fall in the rate of 
growth of population it would be the duty of the pre- 
sent generatuon to move with relentless effort for 
producing more food. A substantial part of India’s 
foreign exchange is consumed on account of foodgrain 
import every year and naturally industrial develop- 
ment is handicapped. The high prices of food grains 
in post-war years have induced peasants to cultivate 
wherever it is reasonably possible to raise any 
crop. Any substantial increase in the production 
would therefore, necessitate bringing under irrigation 
such lands which could not be cultivated so long for 
want of water. Increase in the production is also 
possible by increasing the yield of the lands already 
under cultivation with the help of artificial manuring, 
for the effective use of which assured water is essential. 
It is known that heavy manuring without sufficient 
water is even detrimental to the crop. 


Speaking of West Bengal it may besaid that Nature 
has provided this part of the country with good rain- 
fall but full benefit of it cannot be derived in many of 
the years on account of its erratic distribution. The 
western part of the State consists of high undulating 
tracts of land with low lying valleys in between which 
drains the land quickly after a rainfall. It is this part 
of the State where irrigation is needed most. The 
Mayurakshi Project in a similar area in the district of 
Birbhum has changed the face of the district where 
cultivators are not to depend now on the rainfall, and 
are assured of a bumper crop every year. 


From the point of view of scarcity of water, the 
district of Bankura is evon worse than the district of 
Birbhum and it is gratifying to note the Kangsabati 


Shri A K.M ‘Minister, 
Ist Sod cutting Deletion Wout an Sia er, 








Reservoir Project aiming at irrigating a major part 
of the district of Bankura along with the western 
part of the district of Midnapur, has found a place in 
the country’s Second Five Year Plan. 


The Kangsabati river commomly know as Kasai 
rises in the hills near Jhalda in the newly created 
district of Purulia, and after traversing through the 
districts of Bankura and Midnapur falls as river 
Haldi on the estuary. Like the Damodar, the Ajoy 
and the Mayuraskshi, this river also flows almost dry 
during the winter and summer months. The flow during 
a major part of the rainy season is also insufficient for 
irrigating more than a few thousand acres. The major 
part of its discharge flows in torrential floods after 
heavy precipitations in the catchment area. Asa result 
of such floods, not only valuable water runs to waste 
but also the lower part of the valley consisting of the 
eastern part of the district of Midnapur is usually 
flooded. A reservoir is, therefore, essential and has 
accordingly been proposed in the scheme with a view 
to store the flood water for use at times of necessity. 
Apart from assuring water during the kharif months, 
which is the principal rice crop season, the storage 
may also be used during the dry months for rabi 
cultivation. Some water may. even be reserved for 
pre-monsoon ploughing and seedling purposes, in 
case of late monsoon. With water assured the peasants. 
may confidently invest more on manuring for a good 
return. The combined effect of manuring with irriga- 
tion is essential for optimum results. 


The project as drawn up consists of the construction 
of a Dam across the Kangsabati valley near Khatra 
which is about 27 miles due South of Bankura, on the 
Kharagpur- Adra Section of the South Eastern Railway. 
The reservoir will cover an area of about 45 square 
miles and will be fed by the run off from a catchment 
area of about 1,400 square miles. The storage proposed 
for the reservoir is approximately one million acre-ft. 
80%, of which will be available for drawing into the 
canals. The proposal is to take off two canals at high 
level from the dam—one on cach bank of the river. 
These main canals are to feed a. number of branch 
canals which in their turn are to supply the require- 
ments .of the distributaries, covering the entire com- 
manded are a, like the arterial system of the human 
body. “ 


The dam:will consists of a central surplus spillway 
to be made of cement conerete with long rolled fill 
earth dam sections on the two banks. The spillway 
openings will be controlled by radial type gates elec- 
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D W-21 Motor Scraper pushed by D-9 Tractors. 


trically operated. The flood routing capacity of the 
spillway will be 375,000 cubic feet per second, which 
is considered to be the safe design discharge. The 
maximum height of the dam above the foundation will 
be about 170 ft. and its total length will be about 4 
miles, the valley in the region being of a comparatively 
flat nature. 


There will be high level sluices—one on each bank 
for supplying the canals. The feeder canal on the left 
bank carrying about 8,000 cubic feet per second will 
branch of into 2 Main Canals. One of these after cros- 
sing the river Silabati and other minor streams will 
be led towards Bankura for feeding the Vishnupur 
branch canal aligned towards Goghat in the district 
of Hooghly. The other will be taken towards Garbeta 
in the district of Midnapur with a branch towards the 
district town. The main canal on the right bank carry- 
ing about 3,000 cubic feet per second will similarly 
cross @ number of hill streams and pass through 
Jhargram for irrigating the land upto the Railway 
Line from Kharagpur to Contai Road. The total area 
covered by the scheme will be about 2,000 square 
miles out of which a net 800,00 acres will be bene- 
fited. The scheme will also assure supply to the exist- 
ing Midnapur Canals which draws its requirements 
from an anicut placed across the same river at Midna- 
pur. The value of estimated extra additional annual 
yield of about 400,000 tons of food grains will be suffi- 
cient to cover the capital expenditure of 25 crores of 
rupees in a period of about 3 years only. 


One very important aspect of the project is its 
flood routing provision. 


The yield from the catchment area is limited and 
after meeting the requirements of irrigation there will 
not be sufficient water for generation of firm power. 
Arrangements are however, being made for the future 
possibility of generation of seasonal power which will 
be required for lift irrigation in the zone. The supply 
of domestic water will be another welcome benefit. 
This matter has all along been a serious problem in a 
greater part of the area. Pisciculture in the reser- 
voir will add to the food supply and will give employ- 
ment to fishermen. 


The overall cost of the project is estimated at 25 
crores of rupees. Against this, a sum of Rs. 5 crores 
has been allotted during the 2nd plan period to give 
a start. Attempts are, however, being made to in- 
crease the allotment so that a faster programme may 
be possible. 


Quite a iarge number of machinery will have to be 
used in unavoidable cases. Even then the greater 
part of the work will have to be done by manual la- 
bour, which will provide employment to the poorer 
people of the area who in most years live on Test 
Relief Works undertaken by the Government. 


An unfortunate aspect of most reservoir schemes is 
the displacement of people from the reservoir area. 
Attempts are however being made in this Project to 
reduce this number as far as practicable by a little 
adjustment of the site. The displaced persons will, of 
course, be much better off, if they are resettled in 
some of the new tracts of land coming under irrigation 
as a result of this scheme. 





—— 
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Faster Pushloading with CATERPILLAR D9 TRACTORS goo 
| speeds completion of Kangsabati Project ... 
saves costs! Two Caterpillar D9 Tractors, 
fitted with the world’s largest diesel tractor engines, 
are (with other “‘Cat” machines) hard at work on 
the Kangsabati Project pushloading’ Caterpillar 
DW21 rubber tyred tractor/scraper units. 





A D9-DW21 and 470 scraper 
team is featured below. 





The D9 tractor with more matched equipment utilises more 
pounds pull than any comparable tractor. The 
DW21 rubber tyred tractor coupled to the 470 scraper is Caterpillar’s 
biggest scraper unit. With 38,420 Ibs rim pull, 
a 25 cu.yd capacity low bowl scraper, pushloaded by the giant D9 
tractor you can move more earth quicker and cheaper 
than any other similar unit. 





Keep and stay ahead with CATERPILLAR’ 


°Caterpiller ond Cot ors Ragestered Trademarks of Caterpsllor Traxter Co, S.A 
your partner in earthmoving progress. 
Backed by first class service and parts supply. 


For detals please get in touch with TRACTORS (INDIA) LIMITED. 
1, Taratolla Road, Garden Reach, Calcutta. Phone No. 45-2825-6-7 


Tiller 
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HAVE IMMEDIATE CAPACITY AVAILABLE 
for 
CAST STEEL AND MANGANESE STEEL CASTINGS 





also 
MACHINESHOP FACILITIES 


KUMARDHUBI ENGINEERING WORKS LTD. 


Managing Agents : 
BIRD & CO. (PRIVATE) LTD. 
Chartered Bank Buildings, Calcutta | 
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The ENGLISH ELECTRIC Company 
Limited, has been awarded contracts for 
the first five 200 MW _ steam turbo- 
alternator sets to be ordered and produced 
in the United Kingdom. 





The Company is the first manufacturer to have on 
order at the same time units of all the standard ratings of 
the Central Electricity Authority, U.K., namely:— 


200 MW, 2350 p.s.i-g., 1050 F. reheat cycle 
120 MW, 1500 p.s.i.g., 1000 F. reheat cycle 
100 MW, 1500 p.s.i-g., 1050 F. _ straight cycle 
60 MW, 1500 p.s.i.g., 1050 F. _ straight cycle 
60 MW, 900 p.s.i.g., 900 F. _ straight cycle 
30 MW, 600 p.s.i.g., 850 F. straight cycle 





The Company supplied the generating plant for 
Drakelow Power Station and Stourport B.2 Power Station, 
which have recorded the highest thermal efficiencies of 
any central stations in England. 


ENGLI SH ELE CTRI ( steam turbines 


THE ENGLISH ELECTRIC COMPANY LIMITED 
(Incorporated in England. Liability of Members Limited.) 
New Delhi (Calcutta Bombay Madras , , Lucknow 


a Manufacturers of the famous CANBERRA Jet Bombers 








Some Aspects of Silting of 


Reservoirs 





By R. J. GARDE, B.Sc., B.E., M.S (Irrig. Eng.) (Colorado), Jr.M.A.S.C.E., 


A and M College, Colorado, U 8.A. 


The recently-developed branch of engineering known 
as sediment engineering is based on the fact that 
flowing water has a variable capacity to carry sedi- 
ment with it. Thus, as the clear water flows over the 
watershed, it picks up material and if the carrying 
capacity of the flow for the sediment is not satisfied, 
the process of picking up more sediment goes on even 
when the water enters the river channel. Once this 
capacity is satisfied, the flow is saturated and will 
not pick up more sediment from the bed or the sides 
of the channel. 


When the velocity of flow in the channel is reduced 
a8 @ result of entrance into a large pool created by 
construction of a dam across the channel, the trans- 
porting capacity of the flow for sediment is also greatly 
reduced. Hence, excess of sediment over and above 
the transporting capacity of flow at any place will be 
deposited on the bottom of the reservoir. This is the 
ptincipal cause of silting of reservoirs. 


Therefore, any method employed in studying the 
problem of silting of reservoirs should necessarily be 
based on the amount of sediment that is being brought 
into the reservoir by the particular stream. 


Variables entering the problem 
There are several variables which influence silting 
-of resorvoirs in direct or indirect manner. These vari- 


-ables are generally classified under the following heads : 


Flow characteristics 
Sediment characteristics 
Fluid characteristics 
Reservoir characteristics 
Watershed Characteristics 


The effect of these variables is usually one or a 
-@ combination of the following: 
(a) To prevent or tend to cnange the sediment 
load carried by the stream. 
(6) Cause deposition of sediment. 
(c) Remove sediment out of the reservoir. 


It is not the intention of this article to go into a 
detailed discussion of these variables or their effects, 
but for the proper understanding of the problem 
‘they are listed below : 





Flow characteristics : Maximum, minimum and 
average discharge of the stream’ at the dam site ; 
frequency of the discharge of various flow magnitudes ; 
amount of water spilled over the dam ; sediment 
concentration of the flow entering the reservoir. 


Sediment characteristic: : Size and -variability of 
eize of the sediment load carried by the stream ; 
specific gravity of the sediment: 


Fluid characteristics : Specific weight, viscosity 
and chemical properties of water. 


Rerervoir characteristics : Reservoir capacity ; size 
and shape of reservoir ; sluices and other openings ; 
nature of reservoir operatior. 


Watershed characteristics : Average slope of water- 
shed ; geology ; vegetal cover ; intensity, duration and 
distribution of rainfall; meen air temperature and 
its variation. 


It must be admitted that the present day know- 
ledge of thir branch of engineering is not adequate to 
handle all the above variables in a quantitative 
manner. 


Sediment balance. _- 

The amount of sediment, Sd, that will be deposited 
in the reservoir during any given period will be equal 
to the difference between the amount of sediment 
coming into the reservoir during. that time, 8;, and 
the total amount of sediment going out of the reser- 
voir through sluices, head works and over the spill- 
ways, S., and the change in the amount of sediment 
held in suspension in stored water during the same 
time interval, 8,. Or in equation form one can write: 


Sa=Si—(S.+8,) 


Therefore, for the systematic evaluation of the 
amount of sediment that will be deposited in the reser- 
voir, one must know the amount of sediment coming 
in and going out of the resorvoir. It can be conveni2n- 
tly assumed that the change of amount of the sediment, 
held in suspension in the stored water, is very small 
when compared to the total inflow of sediment, and 
therefore, as a first approximation it can be neglected. 
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Definitions 
Before going further into discussion of the subject, 
it seems important to define certain terms which will 
be used frequently. 


The Subcommittee on Sediment Terminology of the 
American Geophysical Union '* has recommended 
the following definitions for various divisions of 
material being transported by the stream : 


(a) According to the type of movement : 


Contact Load is the material rolled or slid 
along the bed in substantially continuous contact 
with bed. 


Saltation Load is the material bouncing along 
the bed, or moved directly or indirectly, by the impact 
of bouncing particles. 


Suspended Load is the material moving in sus- 
pension in a fluid, being kept up by the upward com- 
ponents of the turbulent currents or by colloidal 
suspension. 


(b) According to source of material : 


Bed Material Load is part of the sediment load 
of a stream which is composed of particle sizes 
found in apprecieble quantities in the shifting por- 
tions of the stream bed. 


Wash Load is that part of the sediment load of a 
stream which is composed of particle sizes smaller 
than those found in the shifting portions of the stream 
bed. 


Depending on the method of measurement one can 
also classify the sediment load as measured and un- 
measured load. 


Therefore, the total sediment load carried by @ 
stream can be expressed as either 


Bed material load + Wash load or 
Suspended load + Saltation load + Contact load or 
Measured load + Unmeasured Load. 


Sediment inflow 

For the present discussion the total sediment load 
carried by the stream is taken as the sum of measured 
load and unmeasured load. Measured load usually 
can be determined to a reasonable degree of accuracy, 
by using devices such as various suspended load samp- 
lers. Although the samplers for suspended load have 
been developed to a rather high degree of refinement, 
there is no completely satisfactory method to find 
the quantity of unmeasured Joad. 


A large part of the unmeasured load which is bed- 
load (usually considered to be the sum of contact 
load and saltation load) can be computed by using 
one of the equations developed by Meyer-Peter, 
Straub, Kalinske, or Einstein. But, in spite of the 
fact that some of these formulae have great merit, 
they are only occasionally used in the field condi- 
tions at present time mainly because : 


(a) More verification is needed to prove the relia- 
bility in applying those to field conditions, and 


(b) Frequently sufficient field data are not avail- 
able to apply those formulae to field condi- 
tions. 


When suspended load samples are used, another 
method of estimating the unmeasured load is by assu- 
ming that it is a certain percent of the total measured 
suspended load being transported. This percent 
will naturally depend on various factors and will vary 
from nearly zero to one hundred percent or more. In 
ni some of the major factors influencing this percent 
will be : 


(a) Size of the bed material 
(6) Slope of the stream or the average velocity. 


(c) Nature of the channel including the depth, the 
size, the shape and the roughness of banks and 
and bed of the channel. 


(d) Properties of fluid such as temperature. 


A stream channel having intense turbulence will 
tend to keep more sediment in suspension and there- 
fore the percentage of unmeasured load will be smaller. 
Similar will be the case for large flows. If the difference 
between the sizes of measured load and the unmea- 
sured load is small, the percent mentioned above will 
be greater than in the case where the difference in 
sizes in larger. In general, the smaller the actual con- 
centration of measured load, the greater will be the 
percent of the unmeasured load. 


Lane and Borland ® have correctly pointed out 
that the magnitude of unmeasured load percent will 
also depend on the source of sediment. Sediment 
produced by sheet erosion will usually be fine and 
therefore will tend to have smaller unmeasured load. 
Gully erosion and bank cutting will usually produce 
large size materia! and hence will tend to have a large 
percent of unmeasured load. 


For the convenience of the reader, Table 1 see next 
page gives Maddock’s classification for determining this 
percentage. Thisis by far the best available information 
for the estimation of unmeasured load without sampl- 
ing the material which is transported near the bottom 
of the channel. 


The order to relate total sediment transport rate to 
measured suspended sediment transport rate, Sadar’? 
studied the sediment sampling efficiency of 
suspended sediment sampler using fine sand. It is 
interesting to note that the percentages, given by 
Maddock in Table 1 for the case of sand, are within 
the range of percentages obtained by Sadar 


Method of computing sediment inflow rate 

The time available between proposal of a project 
and the final approval varies within great limits. 
Therefore, realising that long term records of sedi- 
ment discharges and sometimes even the records of 
water discharges ere not many times available in 
Asian countries, a method based on less data should 
be utilized to compute the sediment inflow rate or 
total inflow during a given period. Such a method is 
described below. 
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TABLE 1 


Maddock’s classification to determine unmeasured load 





Conc. of measured susp. sediment. 


Type of material forming Texture of the suspended Unmeasured load per- 





ppm the channel material cent 
Less than 1,000 sand similar to bed material 25 to 150 
Less than 1,000 gravel, rock or consolida- small amount of sand 5 to 12 
ted clay 
1,000 to 7,500 sand similar to bed materi | 10 to 35 
1,000 to 7,500 gravel, rock or consolida- 25 percent sand or clay 5 to 12 
ted clay 
Over 7,500 sand similar to bed material 5 to 15 
Over 7,500 gravel, rock or consolida- 25 percent sand or less 2to 8 


ted clay 





From whatever data available from the records of 
the past few years of suspended load carried by the 
stream, and knowing the sizes of the measured sus- 
pended load and the unmeasured load, an estimation 
can be made of total sediment load transported corres- 
ponding to each measurement of the suspended load. 
For this estimation Lane and Borland’s method® 
described above can be used, in case no bed load data 
are available. Knowing the water discharges at 
times corresponding to the times for which measured 
suspended load data are available, a plot can be made 
of Qy (Water discharge per unit time) against Q, 
{total sediment discharge per unit time). Such a plot for 
a particular river is shown in Fig. 1 at the end of article. 
An average curve can be drawn through the points. It 
will usually be convenient to use log-log paper for such 
# plot,and when such a paper is used, care should be 
taken in drawing an average line through the points. 
The following procedure is suggested for drawing such 
an average curve. The range of the abscissa can be 
divided into 12 to 15 intervals or more according to 
convenience. Ordinates of all the points lying in a 
given interval then may be added and their arith- 
metic mean computed. In a similar way, the abscissae 
of all the points lying in the same interval may be 
summed and their arithmetic mean computed. The 
process should be repeated for all the intervals in 
which the range of the abscissa was divided. The 
average curve should, as nearly as possible, pass 
through the points whose coordinates are the arith- 
metic mean abscissae and ordinatesfor each interval 
as computed above. 


Another plot should also be made with percent of 
time as the ordinate and water discharge Qy, which 
was equalled or exceeded for that percent of time, as 
the abscissa. For preparing such a plot, the available 
discharge data should be arranged in descending 
order of magnitude and then percent of the time for 
which the discharge wa; equal to or greater than a 
given amount be determined. Such a plot is shown 
is Fig. 2. 


For the third plot (see Fig. 3) the ordinate is per- 
cent of time and the abscissa is the total sedmiment 
discharge Q,. Using Fig. 2, water discharge Qy for 
a certain percent of time Ti is found. For this dis- 
sharge Qyi, the total sediment discharge Q,, 
is obtained by using Fig. 1. This gives the coordi- 
nates of one point on Fig. 3. Repeating the same 
procedure for different percents of time Fig. 3 can 
be completed. If area under the curve in Fig. 3 is 
found and when it is divided by the total ordinate, 
this will give the average sediment discharge Q,. 
If this average sediment discharge Q, flows for 100 
percent of the time, it will give the same amount 
of total sediment discharge as will be, given when the 
rate of flow of sediment is as given by the curve on 
Fig. 3. This sediment inflow rate should be used to 
compute the total amount of sediment that will come 
into the reservoir in a given time. 


The degree of acouracy, in finding the total inflow of 
sediment accoiding to the above method, ‘will natural- 
ly depend on the accuracy of data used and also on the 
length of time for which the data are available. If 
the data available are for the years which can be 
called normal as far as the water discharge is concerned, ' 
it will give a closer approximation than when the data 
used cover predominantly droughts or flood condi- 
tions. If the data are available for longer periods, 
such abnormal conditions of floods or drought will be 
smoothened to a certain extent. 


If the discharge or sediment conditions of the stream 
vary to very large extent during different seasons of 
the year, as is the case with many rivers in India, it 
will be necessary to use the above method for each 
season. Then the rates obtained for each season will 
be added to obtain the annual sediment inflow rate. 
This will give better accuracy than when the sediment 
rating curve is prepared for the whole period. 


Sediment outflow 
The amount of sediment going out of the reservoir 
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will depend on many factors, such as size of sediment 
in suspension, ratio of storage capacity of the reservoir 
to annual runoff at the site, quantity and quality of 
the water going out through the head works or the 
sluices and over the spillway, and location of outlet 
works. 


The action of reservoirs can be compared to the 
action of sedimentation tanks or the settling tanks in 
sewage treatment works ; butin the case of reservoirs 
the problem is more difficult and complicated because 
inflow rate and depth of water in the reservoir changes 
through-a wider range than in settling tanks. 


Retention time can be defined as the time that 
water requires to pass through reservoir. For a parti- 
cular region, if the drainage area of the basin is taken 
as an approximate index of annual runoff, the storage 
capacity of the reservoir per square mile of the drai- 
nage area will indicate very roughly the relative reten- 
tion time. A plot of storage capacity per square mile 
of drainage area against sediment trapped in the res- 
ervoir expressed as percent of total inflow of sedi- 
ment is prepared by Gottschalk5 for some reser- 
voirs in the United States. Gottschalk’s plot is shown 
in Fig. 4. This figure shows that the trap efficiency of 
a reservoir increases with the increase in storage 
capacity per square mile. It will be realized that, 
for reservoirs with large storage capacities per square 
mile of drainage area, the trap efficiency willbe about 
100 percent for the first few years and as the reservoir 
fills with the sediment, the trap efficiency will de- 
crease. 


Brune* analysed the records of 44 different 
reservoirs in the United States and found that 
capacity to inflow ratio gives better correlation 
with ths trep efficiency than the capacity to water- 
shed ratio as suggested by Gottschalk5. The 
reason is that, capacity to watershed ratio must be 
used within definite hydrologic regions, and not as an 
index of comparison over the country as a whole, 
for, with the same ratio of capacity to watershed 
area the trap efficiency will increase as the runoff per 
unit area decreases. Fig. 5 shows Brune’s plot. In 
the absence of any other data, this plot can be used 
as a guide in the design problems. 


Churchill 5 after analysing the data from TVA 
reservoirs, came to the conclusion that along with the 
retention time; the transit velocity—velocity with 
which the water flows in the reservoir—is also very im- 
portant in determining the trap efficiency. If the 
water held in the reservoir is moving fairly rapidly in 
the reservoir, very little sedimentation will occur 
even though the retention time may be long. He defined 
a parameter ‘“‘sedimentation index’’ which is a ratio 
of period of retention to mean transit velocity.. A plot 
was made for the computed values of the sedimenta- 
tion index for successive periods of time (three month 
periods were used in this particular case) and the per- 
cent of incoming silt that passed through the reservoir. 
Churchill’s plot is shown in Fig. 6. As the reservoir 
becomes filled with the sediment, the period of reten- 
tion will decrease and the mean transit velocity will 
increase. Therefore, sedimentation index will decrea- 
se and greater percent of incoming silt load is passed 
through the reservoir. 


If a large percent of the sediment in the stream is 


moving in the form of density currents, then the 
concept of “mean transit velocity” introduced by 
Churchill is questionable. In such a case, the velocity 
of density currents may be very different from the 
mean transit velocity. 


It must be added that sufficient information is nct 
available to determine with accuracy the trap effi- 
ciency for a particular reservoir. For preliminary 
work, either the plot developed by Brune (see Fig. 5) 
may be used or if the storage capacity is very great 
compared to annual inflow and the size of the suspended 
sediment is medium or large, the trap efficiency 
may be taken as 100 percent. 


Deposition of Sediment 

The location where the sediment will be deposited. 
in the reservoir is governed by many factors, impor- 
tant ones being the size and gradation of the sediment 
and size and shape of the reservoir. Considering the 
flow in the reservoir as two dismensional, Lane 7 
has discussed in detail the manner in which sediment 
is deposited in the reservoirs. Lane divided these 
deposits into top-set beds, forest beds, bottom-set 
beds and density current deposits. See Fig. 7. 


Top-set beds are usually composed of Jarge size sedi- 
ment. They extend upstream upto the point where 
the backwater curve extends upstream from the res- 
ervoir. Since such a point is usually far above the res-- 
ervoir level, it will not materially affect the capacity of 
reservoir. Of course it will cause other troubles such 
as raising stream bed level in the upstream. Fore-set 
beds and bottom-set beds are composed of less coarse 
and finer material respectively. Bottom-set beds being 
composed of material in silt and clay range, a large 
part of such material will be carried down and dis- 
charged over the dam if the retention period is small. 


It will not be out of place here to define and des- 
cribe density currents. Density currents (which are 
more correctly known as gravity currents) are defined 
as gravity flow of fluid through, under or over a fluid 
of approximately equal specific weight. Depending on 
the cause of formation, the density currents are classi- 
fied as follows 9 : 


(a) Density currents with movement due to the 
suspension of sediment in flowing water. 

(6) Density currents caused by dissolved material 
in water. 

(c) Density currents with movement due to di- 
fferonce in specific weight set up by the diffe- 
rence in temperature. 


Hydraulic engineers are mainly concerned with class 
“a” type of density currents which are known as 
“turbidity currents’’ or ‘‘underflow” type of density 
currents. Formation of the turbidity currents and 
the position at which they travel are complex pheno- 
mena. Formation of turbidity currents is usually 
predominant under following conditions : 


(a) Fine sediment 

(6) High concentrations of sediment 
(c) Steep stream slopes 

(d) Large depths of water 


_ There is a considerable controversy as to whether 
it is possible to flush the turbidity currents, through 
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the sluices of the dam, in order to decrease the depo- 
sits in reservoirs. The experience in the United 
States is not very encouraging. It has been found 
that, in most of the reservoirs, the sediment that can 
be removed by venting turbidity currents is not a 
large part of the total sediment inflow. 


Unit weight of deposition 

Another important factor that must be taken into 
account in finding the volume occupied by the sedi- 
ment load retained in the reservoir, is the density of 
sediment that is deposited. Careful consideration 
must be given to the unit weight used to find the 
volume occupied by the sediment. For a given weight 
of sediment, a value larger than the actual will give 
a lower estimate of the volume in place ; on the other 
band if the unit weight assumed is smaller than the 
actual, it will result in overestimation. Factors affec- 
ting the unit weight of the sediment deposited are 
particle size and gradation of sediment, method of 
operation of the reservoir, and time interval under 
consideration. 


If the sediment deposited in the reservoir is in the 
range of sand and gravel and has a wide variation in 
size, the voids between the large particles will be filled 
by the smaller particles. Therefore, the unit weight 
will be relatively large in the beginning. It is also 
clear that there will be relatively small consolidation 
as the time passes, and hence there will not be much 
variation in unit weigl.t with increase in time. Silt 
and clay will have smaller initial unit weight but it 
will increase to a large extent as the time passes and 
consolidation takes place. 


Another factor is the method of reservoir operation. 
If the reservoir acts as a detention basin which is 
filled during the flood periods and is empty during the 
rest of the time, the sediment settled on the bottom of 
the reservoir will have sufficient exposure to air and sun 
to dry, and therefore, it will have larger unit weight. 
Those reservoirs, in which the water level is changed 
to very little extent, will have sediment deposits of 
lower unit weight. Irrigation reservoirs will be o 
intermediate category. , 


To know the unit weight of the material deposited in 
the reservoir after a given time interval, the rate at 
which sediment is consolidated under water must be 
known. For practical purposes, Lane and Koelzer '° 
assumed that the unit weight increases with the 
time logarithmically, the relation being 


W=Wot K Log jo To... eee eeeeeeeecccccece soe 
where 

W.=Initial unit weight in pounds per cubic foot, 
considered at the end of one year. 

W=Unit weight after T years of consolidation 

K=A constant depending on the nature of reservoir 
operation and the size of sediment deposited on 
the bottom. 


It can be seen easily that if the sediment deposited 
in the reservoir is in the range of sand and gravel, K 
will be close to zero because the material can be con- 
solidated only very little. Ther2fore, the unit weight 
will be reasonably constant with respect to time. 
Also, if the sediment is always under water, K will 
have a larger value than in the case when the sediment 
is occasionally exposed to the sun. Values of K and W, 


for different size materials and for different conditions 
of reservoir operation were given by Lane and Koelzer. 


Trask has given a refined set of values of K and W, 
because it was found that Lane and Koelzer’s values 
of K and W, give satisfactory results in the range of 
medium size material, butthey give higher value of 
the unit weights when applied to silt and clays. 
These values of K and W, as suggested by Trask are: 
given in Table 2. 


TABLE 2. 
Values of unit weights of deposition 





Sediment alw- Moderate res- Normally con- 
ays or nearly ervoir draw- siderable re- 


























Material submerged down __ servoir draw- 
Boulder W. 140 140 140 
K 0 0 0 
Gravel W. 110-140 110-140 —«*110-140 
K 0 0 0 j 
Coarse sand W, 93-110 93-110 93-110 
0 0 0 
Sand W. 88 88 88 
x «® 0 0 
Silt W, 67 76* 81* 
ee 2.7 1.0 
Clay W. 13 — ~ 
K 16.0 10.7 6.0 
*Estimated 


(Table 2 is taken from reference 13 in Bibliography) 


Some work has also been done on the estimation of 
the unit weight of very coarse sediments by mountain 
streams. Sonderegger (as referred to in Ref. 10, p.29) 
has given the following data on the percent of voids of 
coarse deposits in San Gabriel wash in southern. 
California, and from it the unit weights have been 
computed assuming the specific gravity of the 
particles to be 2.65. Those results are summarized fi 
the reader in Table 3. 


TABLE 3. 
Density and porosity of San Grabiel wash 








Classification Voids per- Density 
cent pounds|c. ft. 
Boulders, gravel sand 12 146 
Coarse gravel and sand 17 137 
Medium gravel and sand 20 132 
Fine gravel and sand 28 119 





According to Miller '', the average unit weight, 
W.y after T years of compaction is given by : 


T 
Toi (Log. T)—1 | oo 





Way=W,+0.434 K [ 
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If the sediment deposited in the reservoir belongs to 
different classes such as gravel, sand, silt, then one 
must know their percentages to compute the average 
values of K and W,. Thus, if in a particular rese1 voir, 
the deposited material contains 20 percent clay, 40 
percent silt and 40 percent sand, and if the reservoir 
has moderate draw down, then by using table 2, one 
gets : 


W, =(10 x 0.20+76 x 0.40+88 x 0.40) 
=67.6 lbs/cft. (clay is assumed to have W,=10) 


Similarly 
K =(10.7 x0.20+ 2.7 x 0.40+ 0.0 x 0.40) 
=3.22 


These values should be used in the above equations 
to find the necessary unit weight. 


The answers obtained by using the above equations 
are found not to vary more than 5 percent for more 
extreme cases ''. Taking into consideration other 
possible sources of inaccuracy, it is believed that this 
accuracy is eufficient for the use in sediment volume 
computations. 


Closing remarks 

Thus, knowing the amount of sediment that will be 
stored in the reservoir every year, and knowing the 
average density, one can estimate what percent 
volume of the total storage capacity will be occupied 
by the sediment; or in other words one can 
estimate the probable period during which the 
capacity of the reservoir wil! be reduced by a certain 
percentage. 


This is a short account of the method that can be 
used to study silting of reservoirs. Higher accuracy 
can be obtained if more reliable and long term records 
of the basic data are available : similarly, the method 
can be refined to a very large extent depending on 
the time and funds available. 


Such a mathod, as described above, is preferable to 
any method which is based on assuming immediately 
the total volume of sediment coming into the reservoir 
every year. The reason is that, in the method descri- 
bed above, as the whole problem is subdivided into 
different logical steps, the engineer knows what assum- 
ptions he has to make to go through the whole process. 
In making these assumptions there is ample opportu- 
nity for the engineer to use many kinds of information 
—qualitative as well as quantitative—that is available. 


Therefore, there is greater chance of getting a more 
rational estimate of the volume that will be occupied 
by the silt coming into the reservoir during a given 
time. 
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Flood Forecasting in 


Valley Area by Statistical Method: 
A preliminary investigation 


By KESAB CHANDRA MAJUMDAR, M.Sc., D.Phil. 


Regional Meteorological Centre, Calcutta 


The Damodar Valley area, comprising of Damodar 
and Barakar catchments, will have four reservoirs in 
the first stage of development for providing flood- 
control, supply of water for irrigation and power 
production. Of these, the two principa] ones, Maithon 
and Panchet Hill, are still under construction. As these 
reservoirs are located near the area where floods gene- 
rally occur and are also contiguous to the areas to be 
irrigated, the reservoirs will have to bear the main 
brunt of regulating the flow of Barakar and Damodar 
rivers for the multi-purpose projects mentioned above. 
In order to achieve an ideal flood-control operation 
of the reservoir, it is not only necessary to have a 
forecast of inflows or change in water level over a 
period of time sufficient to fill up and empty the res- 
ervoir but a prediction is also necessary for the change 
in the water level in the stream below the dam because 
the water that can be let-off from the reservoir will 
naturally depend on the condition of the downstream. 
For instance, if the downstream is full or nearly full, 
letting off further quantity of water will cause flood 
in the downstream. 


For developing the technique for such river forecast- 
ing several years’ hydrometeorological data viz. run-off 
volume, river-level or discharge rates of the reservoir 
and of the downstreams, and rainfall amounts are re- 
quired. Of these, forecasting of rainfall over the D.V. 
area plays by far the most important role, particular- 
ly during the monsoon season. As the construction 
of all the reservoirs is not yet complete, it will take 
some more years before the required data for the reser- 
voirs become available and a detailed study in the 
line of Sherman,' Zoch? ; Linsley and Ackermann! ; 
Light and Kohler‘ is not possible at this stage. In 
the present study an atttempt has therefore been 
made to investigate how far the mutual relationship 
amongst the various hydrometeorological - factors 
throw light on the estimation of floods in the D.V. 
area. For this purpose only two years’ (1951 and 1952) 
data from June to 20th October have been considered 
sufficient. The choice of these two particular years is 
mainly because of the fact that the construction 
work of the dams at Maithon and Panchet might not 
have affected the hydrological observations consi- 
dered, the work being almost at the infant stage in 
these years. 


Rainfall and River Level 
To establish the best relationship between river 
level and rainfall, average rainfall from various 


j Fieune’ - {iAP oF Ov. AREA SHOMING THE 


$ BARAKAR CATCHMENT ARE SASED 
i ON STATIONS IM CIRCLES. TRIANGLES 


Damodar 





groups of raingauge stations in addition to the avera- 
ge rainfall over the catchment may be correlated with 
the river level for which forecast is required. In the 
casz of Maithon, such a correlation analysis reveals 
that daily average rainfall based on the representa- 
tive raingauge station in the Barakar catchment as 
selected by Majumdar and Gangopadhyay® is compa- 
ratively more highly correlated with the river level 
at 18.00 hrs. ; while in case of Damodar Bridge which 
is affected by both Damodar and Barakar rivers, the 
raingauge stations selected are those situated on or 
near these two rivers. These raingauge stations are 
shown in diagram I. 








POSITION OF RAWGAUGE STATIONS 
CONSIDERLD-AVERAGE RAINFALL. IN 


REPRESENT GTATIONS CONSIDERED FOR 
EGQNATIONS FOR BOMODAR BRiDcE 














Average rainfall indirectly accounts for the surface 
run-off to a great extent and as such the above correla- 
tion coefficients are found to be sufficiently, though 
not extremely, high. Obviously a linear relationship 
between the river level and the average rainfall may 
be quite useful for prediction purposes. From almost 
similar considerations Paramanik and Rao® also obta- 
ined a few forecast formulae for discharge at Rhondia, 
but their results are based on mean discharge data 
instead of those recorded at fixed hour. 


Denoting the river level recorded at 18.00 hrs. 
LS.T. on say, n day by L,, and the average 
rainfall recorded during twentyfour hours ending 
08.30 hrs. on n® day and (n-1) day by r™ and 
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rt) respectively, following linear regression equa- 
tions have been obtained by least square method. 
These are based on 284 observations during June to 
October spread over two years considered. 


Maithon 
Simple regression : L,g)=348.893+ 3.160 r® (1) 
V(L,s)™ =.00842+ .05089(r)—.02747)? 
R=0.642 (2) 
Multiple regression : 
La” =348.540+4 2.318 r+ 2.128 r@-) 
and R=0.755 (3) 
Damodar Bridge 
Simple regression : L,g) =288.446+3.798 r™ (4) 
V(L, 9) =0.02252+ 0.1219 (r—.3001)? 


R=0.545 (5) 
Multiple regression : 
Lg (n) =287.847+ 2.759r)+ 3.032 r@-)) 
R=0.683 (6) 


The 98% upper confidence limit (U.C.L.) is given by 
U.C.L.=L,,-2,/V, where V is the variance of the 
expected river level. In case of simple regression, 
the multiple correlation coefficient, R is same as the 
simple total correlation coefficient, while the correla- 
tion increases to a great extent when the rainfall on 
the previous day is also taken into account as in 
multiple regression. 


Multiple correlation coefficients of all these equations 








equations are statistically found to be significant and 
as such the equations may be useful for the purpose of 
long range prediction of afternoon river level and hence 
of floods on any day with the forecast rainfall on 
that day, and also with the forecast rainfall on the 
previous day in case of multiple regression. With the 
the movement of storm along different tracks, the dis- 
tribution of rainfall and hence an idea of average 
rainfall (in D.V. area) over the expected duration of 
the storm can be ascertained from a climatological 
study of past data. The problem of the classification 
of rainfall storms and the associated rainfall distri- 
bution over D.V. area together with the prediction 
of the storm rainfall is now under study. 


Short-range Prediction 

When a short range forecast of the river level is 
required, the regression equation can be greatly imp- 
roved by introducing in it a few more factors like 
river level at 06.00 hrs. of the same station and logari- 
thm of discharge at Palganj in case of Maithon snd in 
addition to the logarithm of discharge at Sudamdih in 
the case of Damodar Bridge. The correlation coeffi- 
cients (C.C.) between the river level at 18.00 brs to be 
forecast and the other factors together with their 
mean values are shown in Table I. All the correlation 
coefficients are found to be statistically significant, 
while C.C. between L,g on n“ day and other factors on 
(n-3) day are insignificant and are omitted from 
the table. 

















TaBLe I 
t ae Maithon Damodar Bridge 7. 
Number of observa- 
Factors C.C. Mean value C.C. Mean value _ tions considered 
L,s” a 349.761 — 289.586 284 
L,s” — 349.783 — 289.620 283 
L,3” — 349.800 — 289.651 282 
L,” 0.802 349.680 0.877 289.577 284 
L."™" 0.705 349.692 0.730 289.584 283 
5 2 0.552 349.703 0.575 289.609 282 
logd, ® 0.876 3.243 0.777 3.243 284 
logd, ™"' 0.746 3.247 0.752 3.247 283 
logd, °° 0.541 3.251 0.615 3.251 282 
r® 0.642 0.275 0.545 0.300 284 
hee 0.617 0.277 0.569 0.302 283 
r =e 0.429 0.279 0.458 0.304 282 
logd, " — _ 0.871 3.604 284 
logd, ®** — -- 0.809 3.607 283 
a — 0.567 3.609 282 


logd, °? 
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Symbols used in this and subsequent tables are 
explained below :— 

L,s™=R.L. in feet to be forecast at 18.00 hrs 
IST on n™ day. 

L-@* =R.L. in feet of the same station as for 
L,3 recorded at 06.00 hrs.I.8.T. on (n-k)™ day. 
r(=-k) — Average rainfall ininches at 08.30 hrs.IST in 

Barakar catchment in case of Maithon or average 

rainfall based on stations situated on or near 

Damodar and Barakar rivers in case of Damodar 

Bridge on (n-k)® day. 
logd, *) =Logarithm of discharge (cusec) recorded 

at 06.00 brs.IST at Palganj on (n-k)* day. 
logd, “*) =Logarithm of discharge (cusec) recorded 

at 0600 hrs.IST at Sudamdih on (n-k) day. 
N=Total number of observations considered. 


Multiple regression equations connecting the various 
factors considered above with the river level at 18.00 
hrs. IST at Maithon and Damodar Bridge have been 
obtained by the method of least square. These are 
given in Table IT. 


ficant. This indicates that influence of Lg on L,g of 
Maithon is inappreciable when average rainfall over 
the catchment and long discharge at Palganj is taken 
into consideretion. This result is really of interest. 
The factor L, is therefore eliminated following Fisher’ 
and the new equation is obtained as given by (1.2).'A 
similar result has been obtained in case of Damodar 
Bridge in which influence of logd, (of Palganj) on 
L,g of Damodar Bridge was found to be extremely 
insignificant. From the interest of comparison equa- 
tion involving logd, ie also given in Table II denoted 
by (4.2), while in equations (5 & 6) term with logd, 
has been omitted. In the last set of equations effect of 
L¢ is also found to be insignificant. Equation (6.2) is 
then obtained after eliminating this factor. In all 
these equations the contribution of rainfall is quite 
high as in the case of Maithon. 


All the above equations involve both meteorolo- 
gical and hydrological elements. In section 2 we have 
obtained equations involving rainfall alone, which 
may be used to forecast river leve] on the same 





TABLE II 








Giving the regression equations and the corresponding multiple C.C., R and the estimate of residual variance, 




















6?. piety ~ PR er ME gee OE OS, 1b le oS abe edeibmabaiaad Eas 
Equation Regression equation R 6? 

No a a aes 2 vest 
1.1 L,g) = 293 192 x1 264 r™ x 2.036 logd, x 0.142 Le 0.907 0.722 
e 1.2 Lyg™= 341.672 x 1.289 r™ x 2.385 logd, © 0.904 0.740 
S 2.1 Lig = 272.950 x 1.527 r™ x 1.358 logd, @" x 0.206 Le? 0.801 1.444 
3.1 Lig™)= 228.699 x 0.950 r™?) x 0.564 logd, ®*) x 0.340 Lg) 0.590 2.652 

5 4.1 Lig®= 183.341 x0.335 Le x 1.534 r®™ x 0.5161 logd, ©) 

4 x 1.971 logd, © 0.932 1.193 
t 4.2 Lig = 165.421 x 1.644 r™ x 0.402 Lg) x 2.0151 logd, * 0.930 1.235 
iS 5.1 Lig" = 222.100 x 2.2821 ™* x0.204 Le ™" x2.135 logd, ™" 0.826 2.856 
5 6.1 Lig" = 258.296 x 1.854 r™* x 0.080 Lg ®* 2.112 logd, ®* 0.668 4.938 
7 6.2 Lig" = 280.233 x 1.918 r "* x 2.448 lodgd, °* 0.667 4.938 

Forecasting formulae morning. To forecast the river level one day in 


The first set of equations may be used for predicting 
the afternoon R.L. with the data of rainfall, R.L. and 
discharge recorded in the morning of the same day. 
The second and third set of equations may be used for 
forecast of afternoon R.L. one and two days in advance 
respectively. The multiple C.C. of these equations 
are found by usual statistical tests.to be highly signi- 
ficant, though for third set of equations it is less than 
0.75 both in case of Maithon and Damodar Bridge. 
In such cases a 98%upper confidence limit (U.C.L.) 
may be used ; but in equations where more than two 
independent factors are involved, calculation of U.C.L. 
is rather laborious. 


In equations (1.1) of Maithon, the regression coeffi- 
cient of L¢ has been found to be statistically insigni- 


advance with the help of rainfall alone we may set up 

regression equation of the type. 
Lis” =A +p: PO) + agg rlo*) (7) 

From the data considered the regrassion coeffic’ent 


have been calculated and the equation took the 
from :— 


Maithon 
Lg?) =348.493+ 2.169 r@-) + 2.490 r(@2) ; 
R=0." 39 


(8) 


Damodar Bridge 
Lg) =288.013+3.229 r@-") + 2.086 r@-) ; 
R=0.636 


(9) 
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The multiple C.C. hav2 been statistically tested and 
found to be significant so that the equations may be 
used for the prediction of L,g one day in advance. 
For ferecast of L,, two to three days in advance 
with rainfall alone an index® of antecede1.t precipita- 
tion for a longer period may be very useful. 


Peak Level of the Day 

So far we have attempted to predict the afternoon 
river level of the day. Apparently it does not account 
for the peak level to which the river may rise during 
the day or night. It is, however, found that the river 
level at 18.00 hrs. bears a high correlation with peak 
level of the day, both in case of Maithon and Damodar 
Bridge, while the C.C. between the river level at 06.00 
hrs. and the peak level is not at all so high. This can 
be readily seen from the C.C. obtained from the special 
records on flood days for which practically hourly 
records of river level are available as given in Table 
III. 


complete. The results, however, definitely suggest 
that similar analysis with the data obtained after the 
completion of all dams in the catchment will lead to 
fruitful result in estimating, during storms of any 
intensity, the highest reservoir level and peak dis- 
charge in lower reaches which are essentially required 
in flood control operations of the reservoirs. It is how- 
ever fully realised that the run-off ratio is different 
for different parts of the monsoon and so analysis for 
each month may be attempted separately when suffi- 
cient data are available after completion of the reser- 
volrs. 
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TaBLeE III 


Giving C.C. (rm) between maximum peak level, Lm and the river level recorded at 06.00 hrs. (Lg) and 18.00 
hrs. (L,g) on the same day and the corrected sum of squares. 





MAITHON 





Lm Lye Lg 


DAMODAR BRIDGE 


Lm Lis L¢ r 








Mean 354.343 353.106 352.017 296.382 295.043 294.436 
Corrected 8.S. 109.838 95.296 131.274 639.344 394.885 674.109 


Ten — 0.906 


0.451 — 0.811 0.600 





N 30 


67 





A linear regession equation between L,, and Ly, is 
then calculated by usual method of least squares. 
These are :— 

Maithan : Lm =10.841+0.973 Lg ; (10) 
R=0.906 ; 9?=0.705 
Damodar B ridge: Ln =-8.250+ 1.033 Lig™ ; (11) 
R=0.811 ; 97=3.360 
where 9? is the residual variance which is required in 
equation (12). The equations are graphically represen- 
ted in figure 2. The multiple C.C., R is found to be 
highly significant in each case. In these equations the 
predicted value of L,, obtained from the equations 
in section 2 & 3 may be used. Obviously, while using 
the predicted value of L,s, the error in the prediction 
of Li, will be slightly high, but in the absence of 
other alternatives, this will give a good idea of the 
maximum peak level and hence of the flood at these 
stations. In case of forecast of L,, for the night or 
next early monrning, day’s actual value of L,, can be 
used in the above equations which will lead to a quite 
accurate value of Lm. The 98% U.C.L. of Lm for 
this equation may also be obtained from the relation : 


1 (L,g-L,8)? } 
where S*,s, the corrected sum of squares of the obser- 
ved L,g, and L,g s mean and n=30for Maithon and 
67 for Damodar Bridge are given in Table III and 
Lm is the estimated value of the peak river level by 
equation (11) or (12). 
Conclusions 

The results obtained in the foregoing sections take 
into account only the present conditions of the 
reservoirs and may therefore be considered to be pro- 
visional in nature as they may not be applicable when 
the construction of Maithon and Panchet dams is 
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By SATYAKAM SEN, M.A. 


The effectiveness of a stream, in the matter of 
transportation of the debris from erosion, depends, 
apart from its gradient, on the volume of water as 
well. High flood discharge is therfore greatly 
faavourable to the carrying over sedimentary matter 
by the discharging stream. It is therefore obvious 
that when the discharge of water by the tributary 
‘streams is great under high flood condition, the 
detritus carried by these streams should find its 
way into main river into which they disgorge. As 
a result, the sedimentary matter carried by this 
main river itself will be added to what is brought up 
by the tributary streams. On account ofan aug- 
mented supply of sedimentary matter thus provi- 
ded, the bed of the main river will naturally riser. 
This kind of phenomenon constitutes a problem for 
the lower reach of Damodar, 


Sediment source 

The Damodar river system carries considerable 
amount of suspended load with its flow. The suspen- 
ded load carried by Damodar river is obtained from 
the upper catchment basin. Erosion there is of an 
extensive order. Careful exemination of air-photo- 
graphs and recent survey maps reveals that the 
Chotanagpur plateau is dotted with alarming pre- 
ponderance of gully erosion ; and increas» of perimeter 
of eroding bank caused by the repid widening of the 
trough, along recently cut gully, is also prevalent. 
The main causes of soil erosion in the Chotanagpur 
plateau have been deforestation, over-grazing, forest 
fires, unscientific cultivation and mining. 


The sediment of upper valley invades the lower 
valley with rushing torrents during the monsoon sea- 
son. Most of the bedload of coarser type falls early 
but the finer particles as the suspension load are 
deposited in the lower reach. 


Suspended load in the Lower Damodar River System 

Silt cherge stations aro few in number in the lower 
reach. Data of only two stations are available since 
1953 namely Mohiddipur (Damodar) and (Kaki). These 
have been taken into consideration for comparison 
with the Damodar Bridge site. Two more stations 
have been added in the distributary channels of 
Damodar in 1955. 


The volume and intensity of the suspended load for 
the years 1953 and 1954 have been expressed in acre 
ft. in the tables. The statement available is only for 
the monsooii months. In pre- and post-monsoon 
the river channel become dry. The surface currents 
are feeble, and sometimes nil. Hence the suspended 
load could not be worked out for during these periods, 
and, in view of the above circumstance, may be 
-considered as practically non-existent. 


An appreciable amount of silt is found at the Damo- 
dar Bridge site on Damodar river as well as at Mohiddi- 
pur or river Kaki duriag the monsoon period. ‘The 
amount of silt charge is very small, being negligible 
at Mohiddipur (on Damodar river). As most of the 
Damodar flood water passes through Kaki river, the 
considerable amount of silt charge take place through 
it, whereas Damodar river (at Mohiddipur) carries 
only an insignificant amount of silt. 


The suspended load was found to consist of a high 
amount between June and October for all the three 
stations, Damodar Bhuidgesite, Mohiddipur (both 
Damodar & Kaki). Such load is relatively high 
in Mundeswari (at Harinkhola) compared with the 
drainage channels like Harinakhal (at Rautara) and 
Kabla N. (at Mayapur.) It shows (see table) that 
the amount of the suspended load varies with dis- 
charg? and velocity, from the upstream. It also varies 
with the intensity of flood, 


From the study it is clear that the suspended load 
is high in the eroding river of the Damodar. This 
ccmpares well with the phenomenon observed with 
the Mayurakshi river 


Tidal characteristics 
Tides play a very important pait in the estuarine 
ebannels of Damodar. The influx of tidal water brings 
sediment and it also influences salinity to a great ex- 
tent. The problem here is to find out the approximate 
limit of the tidal influence in the lower r2ach of Damo- 
dar. 


Source Material 

In all the outfall channels, the hydro-meteorological 
sites are meagr2 in number. To find out the tidal limit, 
6 stations, viz, Amta (on old Damodar), Khararghai 
(on Hocrhoora Khal), Gaighata (on Gaighata), Baxi 
(Rupnarayan R), Baligori (confluence of Kata khal 
and Mundeswari) and Bans beria (old Damodar) have 
been taken into consideration, 


All these stations are gauge observation sites At 
Amta raingauge data are also available. For com- 
parison with the upland discharge and its influence on 
demarcating the tidal limit, two stations, Mohiddpur 
(Damodar) and Mohiddipur (Kaki), have been consi- 
dered for study. The year selected for discussior. of 
the data is 1944. 


Amta— Two High water level peaks are observed 
every month excapt during the monsoon period (ie, 
Mid-July to Sept). In pre and post monsoon periods, 
the high water level marks attain a proper shape. The 
time Jag between these two peaks is approximately 15 
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Photo No. 15—Tides in Lower Damodar 3 miles below 
Amta. 
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Fig. 38 


days i.e. 9 fortnight. This clearly shows that phases of 
the full and new moon have got the dominating 
influence on the high water level marks at Amta. 
But during the monsoon months the distinctive features 
common to the pre and post monsoon periods are 
absent. High water level marks seem to be continuous 
particularly in the month of September ; in this case, 
high and low water level marks reveal the influence 


-» 3 of upland flood discharge. Regarding low water level 


marks, it is observed that the fluctuation is more or 
less steady. These marks rise considerably during the 
monsoon months. 


Bansberia—Alternating peaks and valleys of 
high water level marks are observed throughout the 
year. The shape of the high water level marks appears. 
to be round. The time lag between the two peaks 
points one again 15 days approximately. The nature 
and type of the curves for high and low water level 
marks are more or less the same throughout the year. 
The curves clearly indicate the tidal influence is. 
prominent at Bansberia. In the month of August the 
high water level marks are more or less steady but the 
low water level marks continue to rise. 


Baligori—The difference between the high and the 
low water level marks is negligible during pre and 
post monsoon periods. The difference is only marked 
during the monsoon. During the monsoon period, the 
high and low water level marks both fluctuate. 


Khararghai—Curves are very irregular. No perio- 
dical rise or fall is observed as in Amta and Bansheria 
gauge sites. Both the high and low water level marks 
fluctuate throughout the year. The fluctuating nanure 
its lf suggests that influence of tides is very dominant 
at this station. Influence of fresh upland discharge is 
apparently small. 


Baxi—‘Ups’ and Downs’ in the curves ars found 
during the monsoon season. Fluctuation is more in 
early September, But thereafter it settles down to 
its normal state. 
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BALIGOR! 1954 KHARARGHAI 
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Gaighata—Gauge curves of Gaighata are similar in 
trend to what is observed in Baxi. A sudden rise is 
indicated by. the steepness of the curve, which occurs 
in the month of September. Subsequently the curve 
descends gradually and takes its normal shape. 
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Differences in High and Low Water Level marks— 
The range of fluctuaticn can be ascertained from the 
difference between the high and the low water level 
marks. (Ses fig. 42) 


Amta—tThe rise in the difference of level in pre and 
post monsoon days is found at certain regular inter- 
vals. This factor clearly indicates that the phases of 
the moon predominantly influence the rise and fall of 
the tides. - rs 


In the monsoon season the curve gets disturbed by 
the influence of the upland flood discharge. 


Bansberia—An alternate ris> and fall of the curve 
is seen. The influence of the phases of the moon is 
thus reflected on the curve. The main thing seems to 
be the influence of upland discharge being the least. 
The same trend is observed in the curve throughout 
the year. 


Khararghai—The curve is irregular. The natare of 
the rire and fall of the curves during the pre and post 
monsoon seasons depicts the influence of the tides. 
During the monsoon months however, the influence of © 
upland discharge is felt. 


Baligori—The range is very insignificant. With tre 
incidence of the rains, the curve rises. This rise in the 
curve is considerable during the period from June to 
September which indicates the influence of upland 
discharge. 


Gaighata & Baxi 

Data available for study of these two stations cover 
the monsoon months only. The curves appear more 
or less in rounded form. No prominent peaks are visi- 
ble. Both the rise and the fall of the curve appear to 
be of steady nature. The influence cf tides is however 
clear. 


Uptand discharge & Stage fluctuation 

In Mohiddipur (on river Damodar) & Mohiddipur 
(On river Kaki) gauge sites ars located. So it is possible 
to discuss with reference to the observations made in 
these stations whether the upland discharge has got 
any influence on the gauge sites of the tidal reach. 


In this connection we must remember that most of 
the upland flood discharge passes through Kaki river 
and only a small fraction through the old Damodar 
channel below Mohiddipur bifurcation. Thus the old 
Damodar channel is feeble ; and the sides gradually 
push upwards makihg the tidal limit penetrate in- 
wards. 














Mohiddipur Amta Gaighata Bansberia 
(Damodar) 
Date 

16th-18th 16th-21st 12th-23rd =: 13th-23rd. 
July July July July 

15th-26th 15th-26th  9tn-26th 11th-21st. 
Aug. Aug. . Aug. . Aug. 
7th-23rd Tth-24th 8th-22nd. Tth-21st 
Sept. Sept. Sept. Sept. 
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magnitude is considerably high then probably it runs 
Mohiddipur _ Baligori Khararghai Bazi upto Bansberia. The Bansberia gauge also shows that 
(Kaki) there exists an influence of the Hooghly tides. 

At Baligori, the influence of upland discharge is 
Date considerable, the influence of tides being slightly visi- 
14th-29th 14th-23rd. ble. Most of the flood water passes through Mundes- 
June June. wari. So, at Khararghai which islocatedon Hoorhoora 
13th-21st. khal, the influence of tides has been noticed. At Baxi 
July. the influence of upland discharge is the least. The gauge 
2nd-26th 9th-29th relationship curves (see fig 44) have been studied 
Aug. Aug. statistically and graphically for monsoon and winter 
periods (for the year 1952 & 1953). The salient 
14th-28th Ist-27th 4th-l7th  5th-20th features are mainly the high water level at 
Sept. Sept. Sept. Sept. | Khararghai (on Hoorhoora khal) can be correlated with 





From the above table it is clear that when the 
upland discharge is considerable at Mohiddipur 
(Damodar) the portion of its flood water reaches 
Amta and sometimes goes down to Gaighata. If the 


Dainan (which is tidal) on the Rupnarayan R. during 
dry season; that there is no relationship between 
the water levels of Baligori and Khararghai; and that, 
the daily mean water levels at Khararghai and Bali- 
gori can be correlated with that of Mohiddipur on 
R. Kaki during monsoon months (July to October). 
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Fig. 44 


Influence of Rainfall—It may now be seen whether 
local rainfall has got any influence on the rise and fall 
of the gauges. At Balgori gauge height rises with in- 
creasing rainfall (5th to 10th June—rainfall 4.60 inches) 
So, it appears that local rainfall has got influence on 
gauge heights, but not very much. In fact, at Amta 
and Gaighata, the local rainfall does not seem to visi- 
bly affect the rise and fall of the curves. 


Discussion—With the deterioration of Damodar river 
channel, considerable extension of tides has been taking 
place. Topography of the tidal reach shows that the 
area isl ow and slightly undulating. In this reach, the 
low topography, and existence of a network of channels 
and drainage lines in some places lead to marshy lands. 
It is found that the tidal waters coming from Hooghly 
and Rupnarayan reach, spread at the extremity of 
the lower reach of Damodar. 


It is observable that in Bansberia, Gaighata and 
Baxi,, the behaviour is positively a tidal one. During 
the dry season when there is no upland discharge, 
the gauges of Bansberia are governed by the tidal in- 
flow. Here the upland discharge, when the magni- 
tude of the flood is considerably high, would affect 
the gauges, not otherwise. -During the flood season the 
upland discharge supercedes the effect of the tides. 
The tides push upto Amta along Damodar river. As 
the upland discharge has become more feeble after the 


construction of dams at the upper reach, the tides keep 
on pushing upwards. As Khararghai is located on the 
bank of Hoorhoora Khal and as most of the Damodar 
flood water is flowing through Mundeswari and pass- 
ing through Chaubisbigha Khal, falling ultimately 
into Rupnarayan, the tidal water penetrates through 
Hoorhoora bringing about the tidal fluctuations 
which have been observed at Khararghai. At Bali- 
gori the tidal influence is the least while the effect of 
upland discharge is noticeable. 


Fluctuation of Ground Water-Table 

The part of the rain water that soaks into the earth, 
under the present circumstances, is the main source of 
sub-soil water-supply. The location and movement of 
ground-water are largely determined by soil composi- 
tion and geological formation. It is a known fact that 
perennial irrigation very often leads to water-logging. 
A good quantity of irrigation water, in Punjab, is lost by 
seepage from irrigation canals and reaches the under- 
ground water-table ; and even part of the water supp- 
lied to agricultural fields, is not utilised by crops but 
goes down from this‘ Pellicular zone”’ to the “‘Capil- 
lary zone,” and thus raises the water-table. This rise 
of the underground water-table leads to water-logging 
and makes low-lying agricultural tracts uncultivable. 
The problem is sometimes being aggravated by cons- 
truction of canals, embankments and field-bunds for 
irrigation. In Punjab, according to the 1945 survey, 
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the estimate of water-logged lands was about 50,527 
acres. 


The study of ground-water table fluctuation in rela- 
tion to the water logging problem of the Lower Reach 
of Damodar is very important. 


Source Material 

The irrigation Department of the Government of 
West Bengal have maintained a record of the Pre-mon- 
soon (April) and the post monsoon (October) depths of 
the water-table of open wells at selected places over 
the Lower Reach of Damodar. But these recorded 
observations do not give a complete picture of any 
long-trend fluctuations that occur because no conti- 
nuous record for a single well, or even any record of 
all the wells, is available. Only a broad idea about 
short time fluctuations and the general nature of the 
water-table may be obtained from these data. 


Recently D.:V.C. has undertaken a scheme for 
water-table survey in the Lower Reach of Damodar in 
order to study the present conditions of ground 
water table. The scheme of water table survey has 
been drawn up by D.V.C. and 30 piezometer tubes 
of 27 stations have already been sunk in 1954. The 
data from the piezometer observations have been 
received for our examination. Along with these, the 
analyses of the soil for different depths have also 
been obtained. 


Trend of Fluctuations from well observations (1933-49) 
—The region concerned can be conveniently divided 
into three following zones from the observations of 
wells. The charcteristic features are enumerated 
below:- 
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The pre-monsoon & post-monsoon fluctuations of 
water table are well observed from the ground water 
contour map showing the differences of April and 
October water table. (see map No. 45) The range is 





























Zones Area Served Characteristic Features Possibilities of Water 
ae eT A, m1 Logging 
I Northern part of Howrah District Shallow depth of watertable Chances of water- 
between River Damodar and River from surface. In general, High logging. 
Hooghly. water-table prevails ; little flu- 
ctuation between Pre & Post 
monsoon depth of water table. 
II S. E. of Burdwan-Katwa railway line 


(Jamalpur and Pandua P.S. of Hooghly 
District Memari, Monteswar and Kat- 
wa District). Dead rivers of Bshula and 
Gangpur passes through this tract. 


III West & S.W. West of Burdwan-Katwa 
Rly. line (P.S. of Ausgram, Mangolkot 
& Galsi of Burdwan.) 


From the above table it is observed that in zones 
I & II water logging possibilities prevail and due to 
to this fact, these zones require thorough investigation 
of groundwater table fluctuations, so that it would 
may be possible to demarcate correctly areas that 
are likely to be water logged. 


Tha rise of water table takes place with the monsoon 
rainfall. In June, following along dry period, the water 
table is at its greatest depth from the surface. In 
October, following the monsoon period, the water 
table is at its minimum depth from tha surface. 


Do Do 


The Groundwater table is well Least possibilities of 
below the surface level. Pre & . water logging. 
Post monsoon water-table 

fluctuation is very high. 





higher in the north west and lower towards the south 
east. The fluctuation rate of ground water table is 
small between the pre & post monsoon periods in zones 
I&II. The range of water table rises high, as we proce- 
ed towards west and north west, with the rise of relief. 
The variation of relief is slight between Damodar 
and Hooghly rivers. 


Topography and water table 

Water table fluctuation and the topographic fea- 
tures should be studied in detail in order to ascertain 
the actual water logged areas. 
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Slight topographic undulations or relief depressions 
with bad drainage conditions might lead to water 
logging. The water table is usually high near the river. 
This is possibly due to the fact that the supplies in 
the river are high during rainy season. The volume of 
water which overtops the banks and is spilled, atleast 
a large part of it, never returns. It remains standing 
in depressions and low lying areas near tho rivers. 


Trend of Fluctuations from Piezometer Observations 
Water table fluctuations as observed from piezo- 
meter pipe show that the rise and fall are well related 
to rainfall. The data collection in the year 1954-55 
began from the month of May, 1954 i.e. during the 
pre-monsoon period. Itis a known fact the psizometer 
pipe (after it is sunk) takes time to allain its normal 
shape. Particularly in lower reach of Damodar where 


soil texture is not homogenous the pieremeter reading 
are likely to take time to become steady. 


Water table fluctuation is very sensitive to rain- 
fall. Its behaviour is different in the pre-monsoon 
and the post-monsoon periods. The records of the 
different water table stations show that during mon- 
soon the water table rises, and reaches its peak about 
the early part of October, (i.e. at the end of the mon- 
soon period). In Post-monsoon season the water 
table drops steadily. 


The data for 1955 reveal) that in the month of June 
the water table sinks to a low level. The data from 
the different water table stations show close relation- 
ship in their rise and fall with the change of rainfall 
(see fig. 46). The following chart also indicates the 
relationship between rainfall and rise of watertable at 
certain sites. 
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It also appears from the graph (see fig. 47) that 











Site No. Location Observations 
4 Kalut Progressive falls of the ground- 
17 Kalachara water levels upto June and 
then increases in July, 1955. 
1 Sudhpur Water table comes to the sur- 
23  Baneswarpur face level following heavy 
21 = Krishnaram- rains in August and October 
pur (1955)respectively and the 


14 
15 


lands become water logged, 
presumably due to bad 


drainage. 
Dastanpur Water-table comes to the 
Paunan surface-level following heavy 


rains in the year 1954 and 


the rate of rise of water-table is much faster than 
the rate of precipitation in the area under investigation. 
The amount of water causing the rise of water-table 
adds to more than the accumulated rainfall. This 
reason is probably due to seepage flow from outside 
the area concerned. According to Bose,’ “if the 
porosity of the subsoil is about 35 to 40%, then the 
actual rise of water-table can be expected to be almost 
equal to the accumulated height of the rainfall, during 
the same period.”’ 








- 


HARIDASPUR (11) KOTAL PUR (12) 


SUAFACE 





S vA AGE 











MAHESHDANGA(I3) KALACHARA (17) 


‘ Spaeneesé 





Or oy ’ Ss uReace 
aww Sc rs 

ime ans & ea. as’ Aree § 

oN 


2 TRRAMT TAS ONO 


CHAUBERA i104) DENUR (3) 


za 
pret Xe oy at TA Sie ° 
2 Va 148 $ 


4 are? at 
19) - . 
° » 4 G corucative 24 
d wae. 7 el Coma? Po J A see : - e RAPA bs 
5 Jraams o 7F ° = 





SULTANPUR (7) RADHANAGAR (33) 
a SwueAPTACE i sunPacet 
¥ se ° 7 PQ es 48g as" 








RADHATI (26%) AKALPAUSH (9) 


Suaracet t 
La 














ae WBig we sf etse Se 
a0" we {20° | 
' 9 corur at! : 
: prey 
32 fe Curve ative Qnone % 
Sey we a 3 patiwe |”. qaweraur ° 
PF adh ln © Ravnraue al we; TO io” a, MAMITASORRIFEMA 
: ccovaredo ie 
r zen 7 


KALUT (4) 





° SURFACE 


S$uet race 











Wha eTr w$6 ~ °° . 


APFACE 
i : 


Cumugatiw’ 


i 





Gaerne 


KOTALPUR (25) GANGA DAR PUR (20) 

EEE 
ace 

o rs $ic€ 

até 











PUINAN (16) DAKHINBARI (22) 
Sut FACE 





RAePALE , “i 
20 » Wl 
FRARITASOHO TERA sen 














PAUNAN (15) BAS EMELIA (19%) 


Swnereace 


face e 
Oe eS ame CPS 
a" 4 ay 














> 
ta ” 
® fis * A a e 40 
te 10 r 
Se og Se ” k ¢ , mma f 
10 a cumu ative 28" M4 Ramerau 20 
4 RAFAL a 
x ) 


BRAHMANPARA (i8i) DASTA WN PUR (14) 


° 40" 8 4s 
e CUMULATIVE a” 
compsaTive | 20° Rawrau ~" Garevace 2° é Rameraus es 
1s o ow) - ene Lit 


TA Sie = ry 
ae” re to ng at a 9 Rare 9 Rae o. 
rd t lee? e Cunuiat ° ' mu ATIVE CUMVLATIVE 
Garevacs 2 u Rawmrau. |2* ‘aawmrate 2° RAINGALL ° 
e e 
WREST ATO NOTE al TeMAK $ “ "OD 
, s aeaecet 
° aa. il — 
pear e p—>tee | * « " ry ee 
” vt] 20” favmraur coments rs ines 
4 
-<..... ae w pone A 4 Cenmiaveet 20" 
. 2 


S$uaPhace 


od 
2 2 
"| r 
She cumurarive 1" 
RAWEFALL 





a. 2. 





TFraam? owes 
BATE MELIA Cig KRISHNARAMP UR (21) 


S$ eR PACE Suavace 


fre = es NR aes 














RAJHATI C261) Bwan si PAR (27) 


$wa tace 





Suarace 
— hf 
x @ 








AIMACHAK CISHMUPUR (24) BANE S WARPUR (23) 


sua Panes 
> $wuatF ACE 














3 ce 


i 
BRanmaneana (18H) SubNePUR (1) 


Suvuavpace 


fase PO suaenes 











[eee SS 


BEq PUR (ES 











8] CUMBLATIVE] o 40 €UmULA TIVE 
d Rameau fi d Ravers, {2¢ 
7 - 4 
GIDHAGRAM (2) PIPLAM 65) 
Svuarace 
7 hua, & F ac 6 
® o 
¥ 
10 at 9 Oa 2” 
Cv MULATI VE. 3 
} Campa “” 
2s °° al 








Come.ratwe 
enimraiy 





is” © cumucats 
. Rarretacs 



























INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT 


The following table will give an impression about 
the responses of ground weter table to rainfall. 








Rainfall Near Pipe Nos. 
3” to 4” 1, 2, 3, 22, 23, 24 and 26 
6” to 8” 5, 9, 21 and 25 
14, 16, 17, 18, 19, 20 and 27 


14” to 18” 





Unless the following accumulated rainfall is found 
in the water table of following does not respond. 
This shows that surface drainage in these areas 
differ considerably and the water table also is very 
sensitive to the surface run off capacity of the different 
areas. 


The maximum depth of water table from the surface 
in D.V.C. commanded area is about 16ft. and the 
minimum depth of water-table sometimes reaches 
ground level in the month of October after rainy 
season. 


23 


south-east (Following the regional trend of the 
relief surface slope). In pre-monsoon (15th May) 
time the contoursare more or less widely spaced and 
regular, Irregularities begin with the burst of the 
monsoon (fig. 48). 


Probable areas of Water-logging 

Ground water slope from Arambag to Baidyabati 
(from well observations) shows that the water table 
(in October) approaches the ground surface as the 
ground surface slope decrease (see fig. 49). Near 
Gopalnagar, as fall of surface level occurs, the rise of 
water table in October offers a possibility of water 
logging. It is clearly seen (fig. 50) that the present 
water logged sites are mainly Found ia the topographi- 
cal depressions. As the general water table condition 
rises along with the rise of the amount of rainfall, the 
relief depressions mey offer possibilities for future 
water logging sites. These depressions occur just along 


Depth of watertable 1955 











No. Stations. Height of the Ma .depth Min.depthbe Ma .depth Min depth be- 
stations above below surface below surface below surface low the sur- 
MSL. in April in October. in fiune. face in 
October 
3 Denur Bet 33-38ft. 15’-1 ’ 6’-4 ” 16’ 2” 5’-11 * 
21 Krishnarampur 10’ 4’84 ” \ a 2 0’ 4” above G.L. 
16 Puinan 32’ 73° 29” 8’ 3” 4’ 2’ 
101 Chaubera 40’ a ae 1’ 8’ 2 3’ 3” 
10ii do 40’ 6’8 ” 0’ 0” oy. ° 
19i Bajemelia 24’ 95” 61” 10’ 0” e 7," 09 ” 
19ii do 24’ 69 ” 14” 14 ” a 
2 Gidhagram 58’ | sg bo 13/10 ” 4’°6” 
5 Pillan bet. 38-48’ 8’-11 ” 0’-3 ” 10°10” 211 ” 
4 Kalut 5’10 ” 0’ll ” te  ° 
7 8’8” 16” 10’ 1” mr: > 
8i Radhanagar bet.34-36’ 7’-9 ” he ig 8’ 5” 2°9” 
li Sudhpur 38’ 6’ 2” eo y'3 0’ 3” 
lii do 38’ 6’°5” 7° 2° 0’ 4” 
17 Kalachara 32’ 2°5” 0’ 6” 4’ 11” ee ad 
15 Paunan 22’ 3’3 ” 0’2” 46” 0° 3)” 
(above G.L.) 
27 Bhanjipur 36’ 5’4 ” 13” ot Se 3ce } Og 
18i Brahmanpara bet. 30’-32’ ers", 5’8 ” Se + ek le 
18ii do do 63” a.” _ tt Bs ee Be 
26i Rajhati bet. 28-30’ 82” 44” 9°6” 5’ 6” 
26ii do do 5/11 ” 20” v4) Bis 14” 


It may be noted that maximum depth of water table 
in the area under investigation does not exceed 20’ 
whereas in some parts of Burdwan, Bankura, the 
maximum depth of water table is about 40’ to 45’. 


Ground water-table contours (1955) show that the 
water-tables (fig. 48) slope is from north-west to 





the fringe of the Bhagirathi river and also particularly 
near the old and dead rivers. 


At this. stage, the predication and demarcation 
regarding the spread of water-logging cannot be 
be made unless the detailed data of the distribution 
of clay pans, silts and sands are available. 
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MAP SHOWING GROUND WATER TABLE CONTOURS 1955 





Fig. 48 
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19 


27 «21 


Total for 





1952 


lith July 


12th July 


4th July 1953 
5th July 1953 


” 


6th July 1953 


7th Sept. 1954 


8th Sept, 1954 


Raw 1 
Total 


0.62 0.01 0.02 0.44 
0.56 
0.59 
1953—4th, 5th, 6th July 


Duration Amount 
(inches) 


2035-2045 0.15 
0215-0425 3.03 
0622-0632 0.20 
1227-1232 0.05 
1954—7th, 8th Sept. 


Duration Amount 
(inch) 


0030-35; 
0040-45; 
0050-55; 
0100-20; 


0415-55; 
0950-1025; 
1510-1520. 


1145-50; 
1515-20, 


1 
| 
> ae 


TABLE 6 
ASANSOL 


i. 28 4 3 Se... 


0.07 0.05 
0.08 0.18 0.28 0.02 
0.47 0.02 0.03 0.07 
Falls in successive 5 minutes r. f. (cents) 


Intensity 
tn | hr. 


0.90 
1.40 
1.20 


0.60 


Intensity r. f. in successive 5 minutes (cents.) 
in Lhr 
1 2 3 + 5 6 7 8 oo ae a 
0.10 0.22 0.30 0.10 0.10 0.16 0.18 0.07 0.14 0.16 0.29 0.26 


0.10 0.10 0.10 0.20 0.10 00.6 0.08 0.06 


0,05 0,10 


13 


22 20 


10 34 





TaBLe 7 
MONTHLY AVERAGE VALUES OF EVAPORATION IN INCHES 
Station according to height. January. February April. May June. July August. Sept. : ‘ Dec. Overall Mazx.evap. Main. evap. 
rangeof fordiff. for diff. 
variation. months. months. 
in Inches in Inches 
. Hazaribagh 2019 ft. , 0.60 0.51 0.19 0.06 0.13 0.85 0.86 0.01 
2. Barhi 1300 ft. 0.63 0.55 0.19 0.08 0.16 0.80 0.81 0.01 
. Ramgarh 1069.71 ft. 0.4418 0.4180 0.1707 0.0570 0.1033 0.57 0.58 0.01 
. Dhanbad 815 ft. 0.60 0.43 0.16 0.08 0.13 0.84 0.84 0.001 


. Bokaro 784 ft. 0.529 0.451 0.172 0.093 0.115 0.69 0.71 0.02 


. Panchet Hill 391 ft. 0.7731 0.167 0.46 0.088 0.155 1.10 1.13 0.03 


. Asansol 414 ft. 0.595 0.464 0.196 0.085 0.132 0.01 . 
. Alipur 0.193 0.143 0.79 0.062 0.082 , ‘ 0.00 


TABLE 8 
Monthly Maximum values (In inches) 
Apr. May. June September November December 
Hazaribagh 0.85 0.47 0.21 0.23 0.24 
Barhi 5é 0.76 0.49 0.15 0.29 0.21 
Ramgarh 0.54 0.34 0.15 0.17 0.18 
Dhanbad 0.84 0.29 0.23 0.22 0.24 
Bokaro 0.71 0.32 0.18 0.24 0.22 
Panchet Hill 1.13 0.41 0.14 p 0.29 0.30 
Asansol , 0.38 0.15 0.24 0.22 
Alipur 0.15 0.12 0.18 0.14 





Taare 9 
Monthly Minimum values (in Inches) 
May June July 
Hazaribagh ‘ 0.20 0.04 0.01 
Barhi 0.28 0.04 0.02 
Ramgarh 0.24 0.02 
Dhanbad . 0.22 0.02 
Bokaro . 0.20 0.02 
Panchet Hill 0.20 0.03 
Asansol : 0.21 0.03 
Alipur ¥ 0.06 0.01 


TABLE 10 
Monthly range (in Inches) 
May. June December 


Hazaribagh 0.43 : 0.21 


Barhi ‘ 0.45 0.16 
Ramgarh 0.29 0. 14 
Dhanbad 024 2! 0.19 
Bokaro \ 0.29 0.17 
Panchet hill 0.35 0.27 
Asansol 0.33 0.18 
Alipur 0.13 0.13 





TABLE 11 


Record High Peak flows in Damodar at Phondia 


Flood Run-of in. inches 

llth to 15th August, 1935 3.35 
5th to 8th October, 1936 1.50 
27th August to 2nd September, 1940 | 2.39 
9th to 13th October, 1941 2.98 
7th to 14th August, 1942 ‘3.71 
15th to 20th July, 1943 
26th August to 29th August, 1944 

3rd August to 6th August, 1946 

3rd to 5th September, 1947 
21st July to 25th July, 1949 2.00 
16th August to 20th August, 1949 1.02 
17th July to 2ist July, 1950 1.52 

2nd August to 6th August, 1950 1.08 
llth August to 14th August, 1950 1.51 


Flood peak in Cusecs. 


700,000 
323,000 
381,000 
642,000 
394,000 
414,000 
153,460 
130,497 
- 359,567 
137,027 
141,385 
199,129 
150,071 
245,933 


The data upto 1943 obtained from the Annual Report of the River Research Institute, 1951 and the rest 


calculated by the author. 


Flood 
26th to 29th August, 1944 
3rd to 6th August, 1946 
3rd to 5th September, 1947 
21st July to 25th July, 1949 
16th-to 20th August, 1949 
17th to 21st July, 1950 
2nd to 6th August, 1950 
11th to 14th August, 1950 


TABLE 12 


Run-off in inches 
1.68 
0.81 
1.46 
2.00 


Rainfall in inches 
4.78 
2.15 
4.33 
4.41 
3.38 
3.32 
3.16 
4.20 


Run-off in % 
35 
37 





TABLE 13 


Statement showing the highest discharge at Rondia and gS ig H.F.L. at different gauge stations along river Damodar. 
Highest Flood Level (in P.V.D. Datuant) at. 


Manimum Silan Guhagram dJujuty Jhanpur LEdilpur Sadarghat <Amirpur Manikhati Palla Serangpur. Jamalpur Dhapdhara Jiara Champa 
discgarge danga 
at Rondia 
in cusecs. 

1935 7,00,000 178.60 123.33 

1936 2,35,006 169.50 . 120.17 

1937 2,14,000 169.90 7 120.54 

1938 1,29,550 167.66 119.75 


1939 3,20,415 171.20 122.08 


1940 3,80,573 172.50 ce 122.62 
6,50,000 178.00 ja 124.42 
4,45,900 174.60 124,00 
2,25,811 173.30 122.50 - 
2,19,377 170.50 120.67 107.41 
1,59,515 169.20 117.67 103.83 
3,22,727 172.60 122.33 110.691 
2,90,199, 172.00 121.83 106.91 
2,29,671 170.70 120.83 106.50 
2,71,945 171.60 121.25 106.41 
3,37,840 172.80 121.67 107.33 
3,89,131 173.80 122.30 08.01 
1,80,909 169.60 118.67 104.91 
2,92,834 172.00 122.25 107.75 
2,61,736 171,40 120.75 106.88 
































ig Plea : 
: i ® 
i 
: : 
: 2 
i 
; 
: : 
: 
; i 
’ : 
: a 
z ; 2 ae 
3 : 
: 
; i 
‘ ; 
nA 4 
‘ 
; 
; 
: 
; 





21-31 August 1953. 


Site. 


Rhondia 
Mohiddipur 


Do Damodar 


TABLE 14 
Flood. 


Rate of peak flow in 
Cusecs 
2,92,834 2 P.M. 

49,218 5 P.M.-3.45 P.M. 


23,775 6 A.M.-6.15 A.M. 


Time observed Peak flow 


24.8.53 
24.8.53 


25.8.53 


Maximum flow has passed Mohiddipur at night hence the discrepancy. It must have been of the order of 


200,000 cusecs ? 
7th-20th September 1953. 
Rhondia 
Mohiddipur Kaki 

Do Damodar 
7th-30th September 1954. 
Rhondia 
Mohiddipur Kaki 


Do Damodar 


Rhondia—Damodar 
Mohiddipur—Kaki 
Damodar 


Difference with Rhondia 


Estimated flow through Hanas at the peak flow. 


5 p.m. 


4.45 p.m. 


2,61,736 4 a.m. 


1,81,981 11 a.m. 


21,654 2 p.m. 


TABLE 15 
For 1954 Floods 
Flood 7th to 30th September, 1954 
(Figures are approximate) 


Volume of discharge in 
acre ft. 


2,355,348 
1,941,382 
98,324 





Total : 2,039,707 


413,962 ac.ft. 


TABLE 16 
1952 Floods 


(1) 17th August, 6.P.M. to 25th August 6 P.M. 


River 


Damodar 
99 


> 


Station at. 


Damodar Bridge Site 
Rhondia 
Jamalpur 


(2) 5th September 6 A M. to 16th September 6P.M. 


River 


Damodar 
Malandighi 


Singaran 


Tumla 
Damodar 


? 


Damodar Bridge Site 


Station at Volume in Acre Ft. 
5,96,883.894 
Malandighi 20,251.086 


Singaran 1,862.590 

5,631.775 
9,68,009.172 
3,71,749,240 


Tumla Bridge Site 
Rhondia 
Jamalpur 


11.9.53 
11.9.53 
11.9.53 


Peak Flew in Cusecs. 


261,736 
181,961 
21,654 





203,635 


(loss 17.6%) 
56,170 





259,805 Cusecs. 


Volume in Acre ft. 
3,50,394.031 


5,74,582.410 
2,77,646 650 


27,745.451 








TaBLe 17 


1953 Floods 


River Station at Volume in Acre Ft. . 
Damodar Damodar Bridge Site 11,55,759 

& Rhondia 16,34,033 

9 Mohiddipur 54,463 
Kaki Fe 7,34,290 


(4) September 7th 10 A.M. to 20th September 10 A.M. 


River Station at Volume in Acre Ft, 
Damodar Damodar Bridge Site 8,40,158.904 
Rhondia 15,70,587.237 
“a Mohiddipur 95,214.149 
Kanki ie 6,93,436.978 
TABLE 18 
Sl. No. Name of Hana River levels at which hana spills (P.W.D) Remarks. 


(i.e. av. bed level of the Hana). 


A. Panchapara 125.68 

2. Kumirkhola 119.00 Controlled by regulator 
3. Bhasna 123.63 

4. Gurpur 108.40 

5. Gaitenpur 108.31 

6. Barasat 101.47 

A Jakta 96.97 

8. Mohanpur Hana 90.00 Controlled by Weir 

9. Jamda 83.77 
10. Nagra 81.50 Controlled by Regulator 
11. Krisnapur 79.00 








i 


Year. 


1935 


1941 
1942 
1951 
1953 
1944 


1938 


Year. 


1935 
1941 
1942 
1951 
1953 
1944 
1938 


Year 


1935 
1941 
1942 
1951 
1953 
1944 
1938 


TABLE 19 


Rondia gauge Area flushed 
Maximum Maximum Area above Area below Total area. Remarks. 
Flood level. discharge.in Muchi Hana. Muchi Hana. 
Cusecs. 
178.60 7,00,000 188 274 462 
(P.W.D). Cusecs. Sq. Miles. Sq. Miles. Sq. Miles. 
178.00 6,50,000 183 264 ,, 447 _,, 
174.60 4,45,900 164 _,, 262 C,, 4i6 ,, 
173.80 3,89,131 144 ,, 239. ,, 383 sé, 
172.00 2,92,834 ae 230 ,, 360, 
170.50 2,19,377 Oe 6s + 4 ae 323 ,, 
167.60 1,29,550 x 204 ,, 283, 
TABLE 20 
Maximum Flood Peak-discharge Total discharge Damodardis- _ Discharge spilling 
discharge at of Sali Nadi (in (in Cusecs) charge above over right bank above 
Rondia (in Cusecs) Cusecs) Kaki river or Muchi 
Cusecs) Hana (in cusecs) 
7,00,000 50,643 7,50,643 76,068 6,74,035 
6,50,000 m 7,00,643 73,235 6,27 ,408 
4,45,900 ‘i 4,96,543 61,401 4,35,142 
3,89,131 o 4,39,774 49,764 3,90,010 
2,92,834 ‘s 3,43,477 43,725 2,99,752 
2,19,377 in 2,70,020 48,861 2,21,159 
1,29,550 7 1,80,193 61,395 1,18,798 
TABLE 21 
Discharge of Discharge at Total Discharge Discharge of Discharge spilling 


Damodar river 


Madaria Khal 


at Mohanpur (in (in cusecs). 


cusecs) 
24,342 
21,413 
14,135 

6,932 

8,546 
13,390 


3,749 


11,450 

—do-— 
—do— 
—do-- 
—do— 
—do— 


—do— 


(in cusecs) 


35,792 
32,863 
25,585 
18,382 
19,996 
24,840 


15,199 


Damedar river 


cusecs) 
10,855 
11,827 
10,963 
10,674 
10,898 
10,678 


5,933 


at Amta (in 


over right bank below 

Kaki river (in cusecs) 
24,937 
21,036 
14,622 
7,708 
9,098 
14,162 
9,266 








TABLE 22 


Miximum dis- Maximum dis- Discharge of Discharge pas- Percentage of discharge pass- 


Year. charge of the charge of the the Damodar _ sing through ing through 

Damodar at Damodar above below Muchi Kaki river Main Damo- Kaki river. 

Rondia (in Muchi Hana Hana at im cusecs. dar river (low- 

cusec) (in cusec) Mohanpur in er reach) 
(cusec) 

1935 7,00,000 76,608 24,342 52,266 32% 68% 
1941 6,50,000 73,235 21,431 51,804 29% tht 
1942 4,45,900 61,401 14,135 ' 47,266 23% 77% 
1951 3,89,131 49,764 6,932 42,832 15% 85% 
1953 2,92,834 43,725 8,546 35,179 20% 80% 
1944 2,19,377 48,861 13,390 35,471 29% 71% 
1938 1,29,550 61,395 3,749 57,646 6% 94% 


TABLE 23 


Discharge of the River Damodar above Muchi Hana at differert H.F.L’s \ 


H.F.L. (P.W.D.) Sectional area in Velocity in Discharge in Remarks 
Year datum. Sft. ft/sec. cusecs | 
1935 75.00 25,200 3.04 76,608 
1941 74.70 24,250 3.02 73,235 
1942 73.70 21,100 2.91 61,401 
1951 72.50 17,400 2.86 49,764 
1953 72.00 15,900 2.75 43,725 
1944 72.80 18,300 2.67 48,861 
1938 69.00 11,650 5.27 61,395 
TABLE 24 


Discharge of the river Damodar at Mohanpur at different H.F.L’s. 


H.F.L.(P.W.D.) Sectional area Velocity in Discharge in Remarks 
Year. Datum. in S/ft. ft./sec. im cusecs. 
1935 67.60 9362.31 2.60 24,342 
1941 67.40 8959.71 2.39 21,413 
1942 66.20 6574.71 2.15 14.135 
1951 64.00 3348.68 2.07 6,932 
1953 64.90 4437.51 1.92 8,546 
1944 64.50 3892.31 3.40 13,390 
1938 61.50 1856.26 2.02 3,749 








Year. 


1935 
1941 
1942 
1951 
1953 
1944 
1938 


Month 


July 


August 


September 


October 


Sl. 


No. 


bo 


e -? 


or 


-~I 


10. 
1}. 


'Tapne. 25 


Discharge of the river Damodar.at Amta at different H.F.L’s. 


H.F.L.(P.W.D.) Sectional area : Velocity in Discharge in Remarks. 
Datum in S/ft. ft/sec. cusecs. 
21.60 3947.49 2.75 10,855 
22.00 4179.49 2.83 OT 0188 
21.90 4121.49 2.66 10,963 
21.90 4121.49 2.59 10,674 
22.25 4324.74 2.52 10,988 
22.10 4237.49 | 2.52 10,678 
19.30 2829.49 2.09 — . §,933 
TABLE 26 
Year—1951. ’ ; 
Date Recorded flow at Rhondia. No of floods above 50,000. cusecs 
6.7.51 to 7.7.51 1,07,409 cusecs 2 
12.7.51 to 13.7.51. ‘Gsa08 5, : 
17th to 19th. 74,725, * hie 1 
7.9.51 53,723, 2 
11.9.51 3,89,131 __,, 
Nil. 


Discharge in the Hanas during above flood_ occasions. 


Approx. discharge in cusec during floods on 





Name of 
Hanas. 6.7.51 to 12.7.51 to 17.8.51 to 7.9.51. 11.9.51. 
7.7.51 13.7.51. 19.8.51. = 
Panchpara 2506 1620 2038 1412 4184 
Bhasha 346 120 330 190 1512 
Kumirkhola closed by cross bands. Controlled by 
Weir. 
Gurpur 2344 2340 1980 1506 3520 
Gantanpur 1532 960 1310 832 3248 
Barasat 2856 804 2640 1536 7684 
Jakta 1470 416 1320 200 2676 
Mohanpur 14897 5433 9978 1750 40909 Controlled 
by Weir. 
Jamda 1960 1626 1900 1264 3112 
642 Controlled 
by Rgulator. 


Krishne pur 514 





TaBLE 27 
Year 1952. 
Month . Record flow at Rhondia. Noof floods above 50,000 cusecs 
June 


July (a) 5th to 6th 51,957 Cusecs 
(b) 26th, 27th 1,80,909 


August (a) 20.8.52 46,509 
(b) 22.8.52 53,106 


September (a) llth, 13th 1,69,891 
(b) 23rd to 25th 66,631 


October (a) 11.10.52 55,983 


Discharge in the Hanas during above floods. 


Name of Hana Approx. discharge in cusec during flocds on 


5th to 6th «=26th to 27th =—20.8.52. 22.8.52 11th to 13th §=23rdto 25th 11.10.52 
July July. September September 


Panchpara 2644 1932 2172 1908 

Bbasna 526 342 388 288 

Kumirkhola Closed by cross bundh Controlled by weir 
Glurpur 764 1300 1168 1036 1296 
Gautampur 1992 1690 1434 912 
Barasat 3728 ‘ 3268 2870 1888 
Jakta 1238 1060 906 540 
Mohonpur 2028 5 y 14028 9500 590 

Controlled 


by weir. 
Jamda 2594 2312 2070 1092 


Lekhra 20 Controlled by regulator 


Krishnapur 





(a) 4th to 15th . 2,28,688 
(b) 18th to 19th 51,016 
(c) 28th to 30th 77,016 


(a) 4th to 6th 89,856 
(b) 12th to 13th 68,839 
(c) 15th to 18th 83,705 
(d) 20th to 30th 2,92,834 


(a) 10th to 12th 93,205 
(b) 14th to 15th 80,625 
(c) 17th to 20th 85,349 
(d) 28th to 30th 1,69,220 


October 


St. No. Name of Hana Se... Oe SR... SURES iS 
4th-15th July 18th-19th July 28th-30thJuly 4th-6thAug. 12th-13th Aw 


Panchpara 3374 2290 2400 2584 2434 


Bhasna 616 338 362 410 270 
Kumirkhola Closed by cross bundhs 

Gurpur 4430 3140 3538 

Gautampur 2156 1458 1602 

Barasat 4040 2972 3096 

Jakta : 968 690 

Mohanpur 16398 

Jamda 2258 

Lekra 


Krishnapur 








TABLE 28 


Year 1953. 


ord flow of Rhondia 


»,28,688 Cusecs. 


51,016 
77,016 


89,856 Cusecs. 


68,839 
83,705 
292,834 


93,205 Cusecs 


80,625 
85,349 
69,220 


im cusecs 


No. of flood above 50,000 


on 
























Le. 
‘13th Aug 15th-18th Aug. 20th-30th Aug. 10th-12th Sept. 14th-15th Sept 17th-20th Sept. 28th-30th Sept. Remarks 


434 
270 


398 
462 
956 


075 


240 


2400 
362 


3140 
1458 
2972 
968 
16398 
2258 


3732 
1552 
16331 
4938 
2504 
4524 
1564 
38829 
3152 
403 


678 


during floods 
2258 2500 

324 360 
4758 5289 
3250 3250 
1420 1470 
2952 1672 

942 882 
16700 14464 
2240 2028 


2700 
428 
7253 
3548 
1568 
3040 
1002 
15427 
2510 


3068 

526 
9758 
3824 
1732 


1164 
21334 
2674 


C.B.W. - 


C.B.W. 


C.B.W. 























TaBLE 29 
Year 1954. 
Month. Date. Recorded flow at Rhondia. No. of floods above 50,000 cusecs 


July 30.7.54 62,951 Cusees. 


August (a) 8th to 19th 56,652 
(b) 21st to 22nd 93,839 


September (a) 8th to llth 261,736, 
(b) 17th to 20th 66,068 “a 


Discharge in the Hanas during above flood occasions. 


Approx. discharge in cusecs during floods on 


Name of Hana. 29th-30th  8thto 19th 2lst-22nd 8thto 11th 17th to 20th 
July August. August. September. September 


Panchpara 2310 1628 2708 3718 2232 
Bhasna 348 246 472 1194 252 
Kumirkhola 5317 13664 
Gurpur 2012 2840 
Gautampur 1932 3180 
Barasat 2470 6822 
Jakta j 1478 2346 
Mohonpur 23% 12858 32112 
Jamda 3304 4628 
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‘TABLE 30 
-’ Year 1955. 


Month. : Record flow at Rhondia. No. of floods above 50,000 
cusecs. 


June 


July 28.7.55 58,663 Cusecs 


August 13.8.55 52,479 
September 
October 
Discharge in the Hana during above floo:1 occasion. 


Approx. discharge in cusecs during floods on 


Name of Hana. 28.7.55 13.8.55. Remarks 
Panchpara 
Bhasna 
Kumirkhola 
Gurpur 
Gautampur 
Barasat 
Jakta 
Mohanpur 
Jamda 
Lakra 


Krishnapur 


N.B. Table 18 to 30: These tables and data have been received by the author from Damodar Canal Division, Burdwan. The author is: 
very grateful to the authorities for receiving the data and utilising it. 








Location of Hana. 


Hana at Gautampur 


Hana at Barasat 


Hana at Jakta 


Hana at Nagra 


Hana at Jamda 


Hana at Mohanpur 


Hana at Gauripur 


Hana at Kumirkhola 


Hana st Bhasna 


Hana at Panchpara 





Depth 


oP et 
SSS5 


a panr3s eas |b 
& PRRYSSS SaaS BF 


7) 


20.20 
19.00 
15.00 
9.38 
7.55 
1.17 


pth 


5.40 
4.60 
1.20 
3.98 
2.55 

55 


10.30 
5.15 
1.60 


9.60 
7.00 
5.97 
5.32 
5.20 
1.84 


6.45 
4.20 
3.60 
2.40 

.25 


10.80 
9.60 
8.20 
7.03 
4.98 
3.88 
1.08 


19.00 
15.80 
13.94 
13.60 
11.50 

7.90 

1.73 


10.00 
6.20 
5.18 
4.25 
3.00 


2.03 . 


9.60 
8.60 
6.59 
4.75 
4.75 
4.20 

81 


12.00 
10.20 
9.40 
9.33 
6.60 
2.50 


20.20 
19.00 
15.00 
9.38 
7.55 
1.17 


TABLE 31 
Year 1953. 


Discharge in cusecs. 


1,050 
840 
120 
282 
124 

38 


1,762 
417 
44 


750 
600 
327 
224 
450 

22 


792 
526 
375 
240 

+ 


3,550 
3,950 
3,150 
704 
420 
159 
22 


22,620 
20,100 
25,777 
16,320 
16,934 
7,962 
20 


1,545 
780 
586 
163 
240 

25 


closed by bund 

4,905 

3,039 

2,003 

2,003 

closed by bund 
52 


849 
639 
127 
109 
294 

19 


50,250 
44,250 
17,250 
1,134 
794 

35 


Slopes at different posi- 
tion of Hanas (1953) 


.00013 


00016 


00043 


.00033 


.00040 


.00026 


.00013 


.00013 








1953 
Damodar Bridge site 


Mohiddipur 
(Damodar) 


“Kanki) 


1954. 
Damodar Bridge site 


Mohiddipur (Damodar) 
Mohiddipur (Kanki) 


1955. 

Damodar Bridge Site (Damodar 
Surekalna (Damodar) 
Muchi Hana 

Begua Hana 


' Mohiddipur (Damodar) 
Harin Khola (Mumdeswari) 
Mayapur (Kabla W.) 
Santara (Harinkhal) 


JUNE 
Silt in area ft. . - Discharge in 
acre ft. 
95,822 902.138 
observation started 
from 14/7. 
149.824 2,92,154 
7.546 92,782 
13.082 85,236 
3.64 38,886 





TaB 


JULY 
Silt in acre ft. Discharge in 
acre ft, 

902.138 20,95,644 
46.488 64,392 
522.338 8,35,140 
384.320 6,71,916 
307.706 5,18,432 

77.08 10,90,13 

11.68 33,974 


49.22 71,210 


TABLE 32 


AUGUST SEPTEMBER OCTOBER 
rge in Silt in acre ft. Discharge in Silt in acre ft. Discgarge in Silt in acre ft. Discharge in 
ft. acre ft. acre ft. acre ft. 
95,644 740.186 22,96,938 488.430 16,13,038 33.276 2,60,396 
170.879 2,38,320 86,592 1,54,610 34.416 1,22,980 
64,392 
35,140 1024.314 19,63,098 523.114 11,62,948 53.356 3,60,680 
71,916 448.924 8,92,214 473.178 12,64,360 35.380 1,78,938 
19.050 31,612 65.506 98,322 
18,432 413.196 8,67,934 2869.788 20,17 ,946 26.518 2,68,306 
299.20 6,57,726 63.68 2,87,178 72.04 3,08,576 
90,13 821.58 10,75,968 64.46 3,14,392 28.92 1,64,278 
3,974 10.36 25,696—No Velocity, no discharge in the stream, stagnant water. 


71,210 23.40 61,984—Sample not collected—River water stagnant. 
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Our Delhi Letter 


(From our own Correspondent) 


The month of June, 1957 may well be regarded as 
2 near-crisis period for the Second Five Year Plan. 
The Capital is giving evidence of this belief in 
many ways. The Secretariat is prepared for announce- 
ment of austerities in a dozen forms. Whether it is the 
non-filling of vacant posts in the Finance Ministry or 
the setting up of economy teams in the Community 
Projects, Buildings or the Irrigation and Power Pro- 
jects, or the announcement of voluntary salary cuts 
by the Speaker of the Lok Sabha, or the President, or 
the Vice-Chairman of the Planning Commission, the 
atmosphere is being continually charged with zeal and 
concern for economies in the Public Sector. 


The decision of the Prime Minister to shift to 
a smaller house (still to be built), and the sympa- 
thetic decisions in other State capitals of the 
abandonment of important public buildings like 
the Punjab Vidhan Sabha, the Kulapati Bhavan 
or the grand air-conditioning proposals for the 
Secretariat, all confirm the rigid and firm policy of 
the Government for crying a halt to creation or ex- 
pansion of luxuries. There is no doubt some comment 
by the public on the adequacy or the efficacy of any 
or all of the above measures, but the symbolic value 
of the decisions is bound to appeal to the imagination 
of the masses. After all, any sacrifice still remains a 
sacrifice even though the habitually carping minds 
may refuse to be satisfied by their scope and incidence. 


But even in the best informed circles, doubts 
have been expressed as to whether the gaps in 
our economy (foreign exchange as well as rise 
in the prices of food) will get bridged in time. 
The economists are baffled about the extent 
of the deflation that-has already taken place in our 
reserves and they are also sceptial about the availabi- 
lity of foreign loans in a big enough measure to be of 
substantial help in the execution of the Plan Projects. 
They are concerned about the failure of the Agricul- 
tural Sector which has not risen to the occasion un- 
like in the First Five Year Plan when food production 
showed an increase of 20%. And in India, the economy 
is completely dependent and utterly sensitive to the 
price rise of food grains, whether it be rice or wheat. 


All eyes are, in such circumstances, looking at 
the skies to give a timely and plentiful monsoon. 
There again, one has to talk in cautious terms be- 
cause the experience of too heavy rains and con- 
sequent floods is yet too green and ghastly in the 
public memory. All told, the picture is one of suspense 
and foreboding, and yet the people (and the Govern- 
ment circles) are hoping that the difficulties will solve 
themselves. They feel that if we remain steadfast in 
our resolutions and actions to implement the Plan, 
help is bound to come from all sides. 


LOANS FROM OTHER COUNTRIES 
And this expectation is not altogether unjustified, as 
the rewspapers are discussing possible loans of big 
magnitude from Britain (£100 million) and U.S.A. 


($300 million under Public Law 480 for wheat). And the 
smaller European countries are also giving indications 
of generosity in accepting India’s proposal for 7 year 
deferred payments. Japan has led the way already 
and the order for two complete generating units of 
29,000 kW each, for the Ganguwal and Kotla plants 
has already been diverted to Hitachi, Tokyo, both 
because of the low quotation and the facility that the 
Japanese firm have given to India to make deferred 
payments on-an agreed rate of interest. 


There is also one lesson to be derived from this 
superficially frightening picture in India’s economy. 
The other countries are extremelyanxious to do 
business with India. The striking success of 
the First Plan, followed by the ushering in 
of the twice-expanded Second Plan, shows the 
determination of the Government and the people to 
undertake big programmes and to execute them in a 
peaceful world theatre—hence India’s anxiety that her 
development plans may not be thwarted by the erup- 
tion of the voleanoes of war anywhere in the world. 


EFFORTS TO ECONOMISE—From this thought 
of economic crisis, it is refreshing to look at the efforts 
being made internally to forge ahead inspite of short- 
ages and difficulties. As to cement and steel, the 
Irrigation and Power Ministry have just announced 
their preference for the use of lime instead of cement 
and of the old type of construction, using arches ins- 
tead of reinforced concrete slabs. Planners of pro- 
jects have been asked to exercise utmost economy in 
their designs as well as modes of construction. That 
the call has been made none too soon, is apparent 
from the acute shortage of steel and cement for which 
various projects are competing in an atmosphere of 
overall serious shortage. But the silver lining in the 
whole affair is the availability in India of large num- 
bers of skilled workers, who have done arch masonry 
construction in lime and mortar, and who have the 
requisite knowledge and skill today to give a reorienta- 
tion to the architecture ard construction techniques 
with only a reasonable amount of readjustment, which 
will not jeopardize safety or even quality. 


PLANNING COMMISSION ADOPTS NEW 
YARDSTICK—The effect in the sanctioning of the 
Projects from State Governments by the Planning 
Commission is specially noteworthy. Since there is 
an urgent need for conserving foreign exchange as 
well as rupee capital, the yardstick of ultimate eco- 
nomy through single stage construction of large pro- 
jects is being somewhat modified. The amount of 
initial investment in the first stages of a multi-stage 
project is now receiving an all-out importance. In 
other words, even if the concurrent construction of 
the civil works of a large powerhouse is justifiable on 
the basis of economical considerations, the 2nd and 
3rd stages are now regarded as postponable because 
the country cannot afford to have its limited resources 
exhausted over a smaller number of projects. The 
argument prevailing is to spread the benefit over as 

(Continued on page 28) 








Editorial 


Hydraulic Society? 


A very significant publication has recently been 
published by Prof. Karl A. Wittfogel entitled ‘‘Orien- 
tal Despotism” published by the Yale University 
Press. We would not have had occasion to refer to it 
here unless Prof. Wittfogel had not dared to find 
correspondence between the peculair characteristics 
of “Oriental Society’’ (as contrasted with the Euro- 
pean) and the system of irrigation development as 
introduced on a large scale in the East from ancient 
times. For several decades Western social philoso- 
phers and sociologists have been at pains to explain 
what they termed as “Asian Society” but failed to do 
so, but it was increasingly being recognised as having 
elements distinct from Western civilisation. Prof. 
Wittfogel has now after 35 years of painstaking res- 
earch and imaginative thinking come out with a bold 
concept of ‘‘Hydraulic Society” as the cornerstone of 
the Asian commur ity. 


For the origins of Oriental society he turns to the 
geographical setting of civilisations where, during the 
transition from pastoral to agricultural stages, arid 
or semi-arid conditions led to the necessity for con- 
trolling water productively for irrigation and protec- 
tively for flood control. Large-scale irrigation farming 
necessitated the creation of a pattern of bureaucratic 
rule, placing full power in the hands of a vast bureau- 
cracy which forced the masses to do what was necessary 
for their own curvival. Once consolidated, these bure- 
aucracies moved beyond the immediate hydraulic tasks 
into other activities which tended to symbolise and 
enhance their power, huge defence structures, roads, 
palaces, temples, etc. Society became stratified into 
two groups : the bureaucratic rulers and the masses 
who were ruled. Wittfogel finds common structural 
patterns in the agrarian civiliasations of such widely 
scattered areas as Egypt, Mesopotamia, India, Persia, 
Central Asia, South-East Asia, Hawaii, and even Meso- 
America. Because the classical English economists 
from whom he draws much inspiration used the term 
“Oriental society’’ to describe the great despotisms in 
the East, he accepts their term as interchangeable 
with “hydraulic society,” but he prefers the latter 
because it describes a specific institutional confor- 
mation which is not necessarily limited by geography. 


Wittfogel finds that hydraulic society “dwarfed all 
other agrarian societies in dimension and institutio- 
nal diversity.” (Dimension here means durability, 
extent of power, and the size of the population domina- 
ted.) He therefore gives meticulous attention to deve- 
loping and defining the various sub-types of this 
social structure both in terms of internal organisa- 
tion and environment, supporting his analysis with 
a wealth of illustrative material. The result is a com- 
prehensive picture of a societal type which until now 
has been little understood, and the significance of 
which we would ignore at our perilin the world to-day. 


In successive chapters Wittfogel points out that the 
hydraulic economy is completely managerial and 
completely political (chapter 2), that the state is 
always stronger than society (chapter 3). For the 
“‘monopoly bureaucracy”’ there is an absence of effec- 
tive checks on total power. In some states such as 


traditional China, a looseness of bureaucratic control 
allowed politically insignificant forms of association 
such as family, village, guild, and religion to play a 
secondary role (chapter 4), but the hydraulic soaiety 
tended toward total power, total terror, total submis- 
sion, and total loneliness (chapter 5). He discusses 
the interrelationships of hydraulic societies with 
surrounding areas and the transmission of techniques 
of bureaucratic control from one area to another 
over the historical past (chapter 6). 


The treatment of the subject by the learned author 
is highly original and thought-provoking, though 
challenging. We strongly recommend our engineers 
to go through this very important publication, not 
only because it interprets our past in a particular 
way but it also by implication indicates to us that the 
present large-scale basin-wise water management and 
irrigation projects tend to a the. pre-condi- 
tions of ‘original despotism” of the past which we are 
trying to live out as fast as possible. 

* * 


Aswan Dam 

Now that the Suez crisis has almost been solved, at 
least in it explosive political aspects, it is time that 
greater constructive attention is given to the building 
of the Aswan Dam, the issue which has sparked the 
major trouble. ‘We are not yet sure if the £ (E) 16 
millions would be available annually from the Suez 
Canal income for use in the Aswan Project, but if this 
is even roughly true, as is claimed to be, it is high time 
that the Project is finalised to the statisfaction of all 
interested States such as the Sudan, Ethiopia and 
Uganda. As we had occasion to remark earlier in this 
connection, a satisfactory solution of this issue is of 
basic significance, although this aspect had been con- 
siderably ignored or sidetracked due to the heightened 
political strains resulting from the Suez episode. In 
the interests of the teeming millions of peasants and 
proverty-stricken masses inhabiting this area, the 
earlier the project is taken up the better. If approa- 
ched in the right spirit, it may not now even be diffi- 
cult for international monetary agencies to come to 
the aid of the authority which will have direct respon- 
sibility for its execution. 

+ 


* 


New Central Cadre 

We are extremely happy to note that the Govern- 
ment of India is creating a new Central carde to look 
after the projects that are being undertaken by Minis- 
tries in the economic field. A certain degree of specia- 
lisation has now become inevitable in the Administra- 
tive Cadre. But it appears from the press reports that 
the selection for this Cadre is restricted to only from 
the Indian Admisistrative Cadre. As we had pointed 
out earlier (editorial March, 1957), able and experien- 
cend engineers and scientists who have shown their 
mettle in the administrative task should also bo eligi- 
ble for inclurion in the new cadre. This is necessary 
on the ground of the need of the different projects as 
also on the psychological ground. The Administrative 
Service is supposed to be a pool of our best administra- 
tive talents. But this may not always be the case. On 
the other hand, there may be really competent ad- 
ministrative hands among the specialists and engin- 
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eers who might after all fit in better in units and res- (Continued from page 26) 

ponsibilities which require not only a “‘pure” adminis- 

trative capacity and aptitude but also a certain back- Our Delhi Letter 

ground of technical knowledge and experience. If 

we do have such persons, as we are sure we have, it large an area as possible and later on to let the bene- 
would be unfair not to select them and it would also ficiary states expand the scope of the projects just 


not be conducive to the furtherar.c2 of the basic pur- : 
purpose of the creation of the new cadre, namely, to ahead of the development of the power market. This 


facilitate administration of economic projects that philosophy is analogous to any prudent man trying 
are or likely to be taken in hand in the country. to tide over the period of his economic limitations by 
(Cotinued from page 14) bites wird restricting himself to the bare minimum amount of 
1. Sherman, L. K.—Streamflow from rainfall by the unit graph necessities and amenities. That these will be able to 
method. Eng. News record, Vol. 108, (1932),501 ‘ . . ; 
be enlarged ‘n course of time is taken for granted. 


2. Zoch, R. T.—On the relation between rainfall and streamflow, 
Monthly Weather Review, Vol. 62(1934), 315 and Vol. 





64 (1936), 105. 
3. Linsley, R. K. and W. C. Ackermann—A metnod of predi- 
cting the run-off from rainfall. Trans. A.S.C.E., Vol Minor Projects for Food Production 
107(1942), 825. 
4. Light, P. and Kohler, M.A.— Forecasting seasonal run-off by The maximum importance attaches now to such 
statistical methods. Trans A.M.G.U., Vol. 24, Part II : . he ' 
(1943), 719. . projects which need a minimum of foreign exchange 


5. Majumdar, K. C. and Gangopadhyaya, M.—“‘Representative- . ec 
ness of average rainfall from smaller number of stations quota, and have a maximum benefit/cost ratio in 
over Damodar and Barakar catchments’’—under publi- terms of food production. This opens the field for 


cation in the Indian Journal of Meteorolo; and 5 ‘ ‘ 
Geophysics. 7 minor projects and other small projects where the 
6. Paramanik, S. K. and Rao, K. N.—Hydrometeorology of the ‘ : . 
pombe RE ty ai Oy arg ag assets already entered cma extensions and improve- 
Vol, 29, part 6 (1953), P.283. ments lead to relatively big results. This is the silver 


7. Fisher, R. A. isti t kers. Oli- “Soe : : . . ° F 
nn, & cmd Boyd, Lend. (1960), oti Workers. Oli: ining in an otherwise difficult horizon, which is 


8. Linsley, Jt., R. K. Kohler, M.A. and Paulhus, J.L.H.—App- bound to clear sooner than some pessimists would 


lied Hydrology. McGraw-Hill Book Co.; Inc, New York ss 
(1949), p.414. have one believe. 





SERVICING TRANSFORMER OILS 


The Trailer-Mounted Streamline Filter 
illustrated is designed to service Trans- 
former and Switch Oils at site by re- 
moval of all suspended matter and 
particles of moisture, thus improving 
the dielectric strength of these oils upto 
100% of their original value. 


Capacities vary from 5 to 450 gallons 
per hour. They can be operated with 
absolute safety without closing down 
the plant. The cost of servicing these 
oils is insignificant in the light of 
security and economy effected by 
regular and efficient conditioning of 
the insulating oil. 


Consult: HEATLY & GRESHAM LTD. 


Sole Agents for WEST BENGAL, BIHAR, ORISSA & ASSAM 


For STREAM-LINE FILTERS LTD. 


LONDON—ENGLAND 
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Continued leadership in design, 
improved methods of manufacture, and 
rigid inspection, guarantce to every Brush 
Kirloskar Electric Motor a strength and reliability 


which ensure dependable power and long, trouble-free service. 
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KIRLOSKAR ELECTRIC CO., LTD. sancacore-3. 
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Compact and engineered for rugged, on-the-job service, 

the Euclid S-12 Hydraulically Operated Scraper is unequalled for 
performance, maintenance, accessibility and design. Power 
packed with a 218 h. p. engine...featuring a wide, 

shallow bowl with sectional cutting edges that can be arranged 
to suit the job...complete hydraulic controls which eliminate 


cable breakage etc.... with large, big capacity tyres for maximum 
flotation—the S-12 cuts earthmoving costs to the minimum, 





7 to 10 cubic yd. range 


: (7° available in the 
Euclid Model S-7 


BLACKWOOD HODG 


BLACKWOOD HODGE (INDIA) PRIVATE LTD. 
CALCUTTA + MADRAS + DELHI » BOMBAY 


ASSOCIATED COMPANIES BRANCHES WORKS AND AGENCIES THROUGHOUT THE WORLD 








